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SUMMARY 
The development of more fundamental mass transfer correlations 
has been greatly accelerated by the increasing availability of rapid 
computation equipment. This has caused an increase in the need for 
basic experimental diffusion data, but such data are not generally 
available in the literature. In order to overcome this deficiency in 
experimental diffusion data, a number of estimation methods for the 
diffusion coefficient have been proposed by several investigators. While 
some of the proposed methods have been shown to be inadequate for engi-
neering estimates, lack of experimental data has prevented evaluation and 
improvement of the other estirneition methods. 
The purpose of this investigation was to study the effect of 
temperatures ranging from 195 K. to 368 K. on the diffusion coeffi-
cient of 0.111 molar tritiated water in methanol, 2-propanone, and 2-
butanone, and of 0.0991 molar tritiated methanol in 2-propanone, 2-
butanone, 2-pentanone, 2 methyl, ̂--pentanone, and 2-heptanone. The data 
over this wide temperature range were employed to select a temperature 
function for the diffusion coefficient and to develop an improved esti-
mation method. 
The decision to study the effect of temperature on diffusion 
was based on the observation that no system included in the exten-
sive compilations of diffusion data by Johnson and Babb, Wilke, and 
Wilke and Chang had a temperature range greater than 70 K. Since 
most of the data recorded fell in the temperature interval of from 
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268 to 360 K., this represents a change of only approximately 25 per-
cent in absolute temperature. The temperature interval investigated in 
this research was from 195 to 368 K. which represents an 89 percent 
change in absolute temperature. 
The method used in the measurement of the diffusion rate was a 
modification of the porous frit system used previously "by Wall, Grieger 
and Childers and by Nelson and Kraus. In this system, tracer labeled 
solute was allowed to diffuse from the capillaries of a calibrated fritted 
disc into a stirred bath. Measurement of the changing bath tracer con-
centration as a function of time permitted the calculation of the diffu-
sion coefficient. The self-diffusion coefficient of water was used to 
calibrate the frits used in this study. 
The viscosity of the solution appears as a parameter in most of 
the diffusion coefficient estimation methods. This indicated the neces-
sity for measuring the viscosity of the eigh': solutions as a function of 
temperature. Cannon-Fenske calibrated viscometers were used to deter-
mine the kinematic viscosity of these solutions at each temperature 
where the diffusion rate was to be studied. 
The density of the various solutions as a function of temperature 
was measured by means of a Westphal balance. 
The absolute viscosity in centipoises was determined by using 
the experimental density and kinematic viscosity data. Polynomial 
equations for the density and absolute viscosity for each of the systems 
studied were derived from the experimental data. Tables of viscosity and 
density versus temperature were also computed from these equations. 
The values for the diffusion coefficient were determined for each 
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of the eight systems over as wide a temperature range as was possible 
without having freezing or vaporization problems. This wide temperature 
interval gave an associated minimum change in the measured diffusion 
coefficient and viscosity of at least a factor of five and eight respec-
tively. 
The data for all eight systems fitted the relation 
D = K . (T/n ) 1 0 (1) 
system v ' v 
with a maximum deviation of ± ik percent from the average value of K for 
any system. Since the value of (T/\± ) varied "by a factor of 10 to h^ 
over this temperature interval; the relative magnitude of the error in 
K was seen to lie small. 
Several diffusion coefficient estimation methods with the function 
(T/|_I )1#° were compared with the experimental data. All of the estima-
tion methods predicted values for D which were too large for the diffusion 
of water. It was thought that this discrepancy might lie attributed to 
the fact that the solvents had polar groupings which might have formed 
hydrogen bionds with the water molecules, thus reducing the diffusion rate. 
The estimated values for the diffusion rate of methanol in the ketone 
series were all high for diffusion in acetone, "but tended to decrease 
toward the experimental values as the solvent chain length increased. 
Several of the methods gave predicted values lower than the experimental 
values for diffusion in Methyl n-Amyl Ketone. 
By examining a large collection of data, it was concluded that 
X V I 
for self-diffusion 
^ X 1010 = 4.0 (2) 
The constant value of Dp/T for self-diffusion seems to refute the theo-
retically derived relation 
V = K (I)73 0) 
For dilute "binary diffusion, the data were correlated by the 
relation 
D \i v 0.5J5 
u 
where the value of K— is a property of the solvent. For systems where 
the value of K_ cannot be determined from experimental data, the relation 
D ,1 




0.50-! y 0.55 
(̂ ) (5) 
u 
may be used with the limiting conditions that: 
1. The minimum value for the bracketed expression is 3-3* 
2. The maximum value for the volume ratio, (V /V ), is 2.5-
' v' u 
XVI1 
Equation 5 "was shown to predict successfully the value of v 
T 
for a number of systems including water, methanol, "benzene and carbon 
tetrachloride as solvents. 
The most important conclusion drawn from this work is that the 
relation 
V = K (fi) 





Definition of the Problem 
The Fick equation for diffusion is given by 
dCA , -
JA = - D « T t1-1*' 
where the constant of proportionality, D, is the diffusion coefficient. 
This coefficient is one of the fundamental variables in liquid mass trans> 
fer operations. For reactions occurring in the liquid phase, D is one of 
the primary rate controlling factors. The design of bubble cap trays for 
distillation columns, the calculation of theoretical unit height for 
packed column absorbers and the design of solvent extraction systems are 
typical of other processes in which D is important. The development of 
more fundamental mass transfer correlations and of more rapid computa-
tion methods has increased the need for diffusion data, but such data are 
generally not available in the literature. 
Efforts to evaluate the effect of temperature on the diffusion 
coefficient have been frustrated by the lack of experimental diffusion 
data. The maximum temperature range covered in the literature for sys-
tems other than liquid metals is only 70 K. (l)« An extensive compila-
tion of experimental data by Johnson and Babb (2) for diffusion in non-
2 
electrolytes shows that most of the available data fall in the tempera-
ture interval of 273° to 333° K. 
In order to overcome this deficiency in basic data,, several methods 
for estimating D have been proposed and used with varying degrees of suc-
cess. These methods may be broken into two rough categories based on 
whether the method was based on a theoretical rather than on an empiri-
cal viewpoint. The theoretical methods have not generally been as suc-
cessful as the empirical methods in predicting values of the diffusion 
coefficient^ and this is due to the lack of a completely acceptable theory 
and model for the liquid state. 
The object of this research was to study the effect of temperature 
on the diffusion rate of tritiated water (ELO) in methanol (MeOH), 
acetone (ATN), and 2-butanone (MEK) and on the self-diffusion rate of 
tritiated methanol in acetone, 2-butanone, 2-pentanone (MPK), 2-methyl, 
^-pentanone (MiBK), and 2-heptanone (MAX). The concentration of the 
water solutions was 0.111 molar and the concentration of the methanol 
solutions was 0.0991 molar in a.ll of the systems utilized. Table 1 shows 
the temperatures at which diffusion measurements on each of the systems 
were made. 
The method used in the measurement of the diffusion rate was a 
modification of that system used in the measurement of the diffusion rate 
by Wall, Grieger and Childers (3) and by Nelson and Kraus (4). In this 
system, tracer labeled solute was allowed to diffuse from the capillaries 
of a fritted disc into a stirred, bath. Measurement of the changing bath 
tracer concentration as a function of time permitted the calculation of 
the diffusion coefficient as described in Chapter II. 
3 
Table 1. Temperatures at Which the Diffusion Coefficients 
of the Various Systems Were Measured. 
solv _ c olu. solv — £ olu. solv olu. solv .-solu. 
T° K. ATN - H2° MEK - H20 MEOH - H20 ATN - MEOH 
195 X X X X 
233 X X X X 
253 X X X X 
273 X X X X 
293 X X X X 
323 X X X X 
MEK - MEOH MPK - MEOH MiBK - MEOH MAK - MEOH 
195 X X X 
233 X X X 
253 X X X X 
273 X X X X 
293 X X X X 
323 X X X X 
353 X X 
368 X X 
4 
Data obtained from the wide temperature range considered here were 
used to determine a temperature function for the diffusion coefficient. 
This experimentally derived temperature function for the diffusion rate 
was compared with that predicted from theoretical considerations and with 
that obtained from consideration of data available in the literature. An 
attempt to present an improved estimation method utilizing these results 
was made. 
Review of Estimation Methods for the Diffusion Coefficient 
Stokes-Einstein Equation 
The classical diffusion equation was derived by considering that 
the motion of molecules or "particles" of the diffusing species was able 
to be described as a "random walk process." Figure 1 shows such a system. 
with a concentration gradient AC/X around the central zero plane. The 
symbol, X, has been chosen as the average displacement of the particles 
for each step in the random walk. For a sufficiently large number of 
particles, and considering only motion perpendicular to the zero plane, 
it can be seen that there is a net flow of particles in the direction 
of decreasing concentration described by 
J = -X (f) (1.2) 
When this result is compared with the permeation obtained from the Fick 
equation, we obtain 
lytlf) = J = X(f) (1.3) 
Figure 1. Net Permeation Due to Concentration Difference 
in a Random Walk Process. 
6 
Combining the two results and rearranging gives 
D = X2/2t (1.4) 
which is Einstein's law (5). This very simple law is of great importance 
in diffusion systems, since it shows that the average displacement in a 
random walk is a function of the square root of time. It also shows that 
Fick's law, which was based on macroscopic measurements, is the net re-
sult of random motion of individual particles. 
By considering that the thermal agitation energy_, or the displace-
ment energy, of each particle was proportional to kT_, Einstein was able to 
obtain an equation containing the frictional resistance encountered by the 
diffusing species under terminal velocity conditions. The result (3).? 
D = k.T/0 (1.5) 
is Einstein's law of diffusion. Its importance lies in the linking of 
the diffusion coefficient to the thermal energy and to the frictional. 
characteristics of the particle. It is noted that the mass of the par-
ticle is not a factor in the equation since all particles are assumed to 
have the same thermal energy. 
By assuming that the liquid was a continuum, that the particles 
were spherical, and that the terminal Reynolds number was low, Stokes (6,1 
was able to solve equation 1.5 for the friction factor *. 
7 
The result, 
4> = 6 ir \i r (1-6) 
when combined with the Einstein equation for diffusion, is the Stokes-
Einstein equation, 
D = kT/6 n \± r (1.7) 
This equation has been very successful in predicting diffusion in liquids 
5 O 
for particles which range in size from 10 to 1.0 A in radius. For par-
5 O 
tides larger than 10 A , the velocity reached is too high for the as-
sumption of low Reynolds number to hold. For particle sizes less than 
10 A , the liquid no longer appears as a continuum. The chief contribu-
tion of this equation to normal molecular diffusion is in the indication 
that the temperature function for diffusion may be either T 1' 0 or the 
group (T/|j)1,0. Several correlations show the general relationship 
D = K . (T/V01,0 (1.8) 
system. ' '^ x 
Theory of Reaction Rates 
Eyring et al. (7) developed a method for calculating D based on 
the theory of absolute reaction rates. The starting point in his de-
velopment was the equation 
R = (kT/h) C e" A G / R T (1.9) 
Equation 1.9 is completely general, stating that the rate of reaction is 
determined "by the product of the number of activated complexes and the 
frequency group (k T/h). 
By considering flow as a rate process aided "by external forces, 
the following equation for viscosity was next developed: 
i = l L ± ^ e-/SG*/H* (1>10) 
The model for diffusion was considered to he the same as that for viscous 
flow since "both processes were thought to consist of activated molecules 
moving from one lattice position to another. The relationship for D 
therefore hecame 
D.ilM -iC> (lill) 
h v 
The energy of activation for the process of diffusion and viscous flow 
was considered equal so that combination of equations 1.11 and 1.10 gave 
A2A3 U 
which has the same temperature viscosity grouping as the Stokes-Einstein 
Equation, Equation 1.7- Equation 1.12 has "been shown (8) to give results 
of the proper order of magnitude, hut with variations of a factor of three 
to five between experimental and calculated values, 
9 
Eyring's Significant Structure Theory for Liquids 
Eyring et al. (9, 10) proposed a second method for calculating D 
based on the Significant Structure Theory of Liquids. This method was 
based on a model of the liquid state which consisted of an equilibrium 
concentration of rapidly moving gas-like vacancies along with a very 
short range ordered solid-like phase. The properties of the liquid were 
developed by partitioning the contributions of the two phases to the pro-
perty in question. 
The self-diffusion coefficient is given by the relationship 
kT d Ln a. 
D = rr- (i.i3) 
X {'V /N) /3\I d Ln C. 
where 
V Q V - V 
\l =•• - n - [1 + =7 |J. (1.1*0 
V s V g 
For several systems in which there is sufficient data, diffusivities have 
been predicted successfully by equation 1.13; "but for most engineering 
applications, lack of data precludes the use of this equation. 
Arnold's Kinetic Theory 
Arnold (ll) was the first to develop a, successful kinetic theory 
for diffusion in liquids. As a starting point, the following assumptions 
were made: 
1. Only binary collisions can occur. 
2. Intermolecular forces and attractions are negligible. 
10 
3- The volume of the molecules does not affect the collision rate 
The following equation resulted: 
B>T(1/M ) + (1/MJ 
D = H 1- (V ) (1.15 
c.2 V' 
b 
where M and M are the molecular weights of the solute and solvent. S is 
u v 
the sum of the molecular diameters, V is the molar volume of the solvent 
3 v 
and B is a constant of proportionality. 
It was recognized that the assumptions listed a"bove were more 
representative of the gaseous state than of the liquid state,, and cor-
rection factors were therefore introduced into the denominator. The 
introduction of factors A for solute association, A for solvent asso-
u ' v 
ciation and the square root of the viscosity for intermolecular forces 
caused the final form of the equation to "be 
Bs/(1/M ) + (1/M ) 
D = "- ^j-2- (1.16) 
A S2 A \i / 2 
U V V 
The results of calculations peinformed "by Caldwell and Ba"b"b (12) with the 
Arnold equation show that for dilute ideal systems, the average deviation 
from measured values is approximately ten percent. 
The S2 term in the denominator of this equation is proportional to 
the molecular volume raised to the two-thirds power rather than the one-
third power proposed "by the three previous methods. 
If the necessary data for the association parameters are available, 
11 
the Arnold equation may be used with considerable success for d i lu te 
so lu t ions . 
Method of Kamal and Canjar 
By assuming that the form of the Einstein equation is correct> 
Kamal and Canjar (13) derived an equation for the binary diffusion coef-
ficient at infinite dilution based on a statistical mechanics approach. 
The final result takes the form 
D ' = B f(AH) (1.17) 
where 
B = 
1 / 1 / 




A = J 1.6(vQ/v) + 2.56(V Q/V) 2 N g(
2)(a) (V Q/V)" 2/ 3| 'solvent (1.19) 
f(AH) = RT/(24AH - 39RT) 
' vap 
solute (1.20) 
g2(a) = 1 + 2.5(v /v) + k.586k(v /v) 
solvent (1.21) 
and the value (v /v) can be determined from the velocity of sound in the 
liquid by the relation 
1 O 
u 
V3 c RT/M 
-Jp 
•1 - 2/3(V Q/V) 
L " - ( V Q / V )





The major assumptions used in the derivation are: 
1. The molecules are rigid spheres. 
2. The heat of vaporization of the solute is the primary factor 
in its contribution to the diffusion rate. 
For use under conditions other than infinite dilution, the diffusion 
coefficient, D , is calculated for both the solute and solvent and the 
relationship 
D = (NA D*B + NB D*A) 
d Ln 7 
1 + NB t - n r 1 (1.23) 
is employed to obtain D. This approach is moderately successful in pre-
dicting diffusivities, but the data required for its use are not generally 
available• 
Method of Li and Chang 
Starting with the Stokes-Einstein equation, Li and Chang (l4) pro-





for self-diffusion in liquids. Li and Chang also noted that, if in the 
Eyring Equation, Equation 1.12, the X's are assumed proportional to the 
13 
intermolecular distance, the equation may be rearranged to show that 
^ = (^)V3 (1.25) 
This equation differs from equation 1.24 only by the absence of the fac-
tor 2rt. This difference was assumed to occur in Eyring's derivation of 
the viscosity relation due to his not considering the relative velocity 
between molecules as well as the average velocity. By considering the 
relative motions of all the closest neighbors of a molecule, the diffu-
sion equation assumes the form 
DH a - T ,N 7 3 
kT~ 2a <V> (1'2g) 
For a cubic structure, the number of nearest neighbors is 6 and the num-
ber in one plane is h. This gives 
1/3 
kT " Z VV 
^ - - (I) ' (1-27) 
which is very close to equation 1.24 in value. For several systems the 
agreement with experimental data is very good. Exceptions to the rule 
are methanol, ethanol and lead. If the fact that lead diffuses as an ion 
is considered, with the ion volume being about 30 percent that of the 
metal, this discrepancy disappears. 
Ik 
Method of Wilke 
Wilke (l) proposed that the diffusion coefficient in dilute binary 
solutions of non-electrolytes could be related to the absolute temperature 
and the viscosity of the solvent by the relation 
D " j | d-28) 
where F was called the solvent factor. The fact that F remained essen-
tially constant for four solvent-solute systems over a maximum temperature 
range of 70 C. was used to show that F was not significantly affected by 
changes in temperature. By plotting the solute molal volume as determined 
by the method of LeBas (15) versus F for 168 different systems, Wilke ob-
tained a graphical correlation for F based on the solute molal volume and 
the association parameter of the solvent. The association parameter 
varies from 0.70 for benzene to 1.0 for water. Equation 1.28 yielded very 
good results, giving an average deviation of only 11 percent from experi-
mentally derived values for the wide range of system types covered. 
Method of Wilke and Chang 
In the light of a large amount of new diffusion data, Wilke and 
Chang (l6) were able to give a more detailed analysis of the contribution 
of the solvent and solute to the diffusion factor. The resulting equation 
D = J.k X 10™10 <> M )°"5 TA.I V °'6 (1.29) 
V V U 
distinguished between associated and unassociated solvents by the factor 
15 
if and defined the exponent of the solute molal volume. It is to be noted 
that, although previous theoretical considerations had set the exponent of 
Y as equal to 0.33.? the experimental data reported in this work were 
better correlated by the use of 0.60 as the exponent. 
The solvent association factor was reported as 2.6 for water, 1.9 
for methanol, 1.5 for ethanol and 1.0 for unassociated solvents. This 
equation has been one of the more successful correlations, giving diffu-
sion coefficients with an average deviation of only 12 percent from ex-
perimentally derived values for a wide variety of solute-solvent systems. 
Method of Othmer and Thakar 
By considering that the exponential form of Eyring's equation for 
diffusion, 
D == K exp (z^/RT) (1.30) 
was correct in form, Othmer and. Thakar (17) developed a reference sub-
stance method for estimating I). When equation I.30 was differentiated 
with respect to T, the result had the same form as the Clausius-Clapeyron 
equation 
d Ln D = (Z£ D/RT
2)dT (l-3l) 
d Ln P = (H/RT2)dT (l»32) 




d Ln D D /, s 
d Ln P " H K^'55) 
The right hand side of equation 1.33 was assumed to be constant, and the 
following equation for D was obtained;; 
• * 
AG 
Ln D = ----- Ln P -I- K (1. 3^) 
A plot of the experimental data for waiter showed a discontinuity at 303 K. 
when equation 1.3̂ - was used., so the solvent viscosity was used as a cor-
relating factor with 
• * 
AG 
Ln D = (—-™)Ln ̂  + K (1.35) 
AG 
This choice was very successful,, as it yielded lines with slopes of -1.07 
to -1.15 for several solutes diffusing in water. 
Fitting the data available for water and taking the average slopes 
gave 
D X 107 = 8.85/100^ 1,]" V °'6 (1.36) 
For solvents other than water, the following equation was proposed: 
IT 




w V °*6 lOOu v at 20° C (1.37) 
The exponent of the solute molal volume is seen to he 0.60, the same as 
in equation 1.29-
Equation 1-37 is no"t as successful in predicting values for the 
diffusion coefficient as is Equation 1.29-
Method of Scheihel 
Scheihel (l8) correlated the early graphical diffusion coefficient 
estimation method of Wilke "by the empirical equation 
1/ 
F = 1.22 X 107 V /3/ 
u ' 
3V 2 
1 + (V> V\ 3 /:V 
u 
(1.38) 
which results in 
D = 8.2 X 10"10 
v 
3Vv 2 / 1 / • 
(1 + (IT1) /3)/v /3 
v u 
(1-39) 
when equation I.38 is combined with equation 1.28. The following condi-
tions guide the general use of equation 1.39: 
1. For water, if V is less than V , the ratio (V /v ) is taken 
7 u v v' u 
as equal to 1.00. 
2. For methanol, if V is less than 1.5 V , the ratio (V /V ) is 
J u v v' u' 
set at 0.666. 
3- For "benzene, the maximum ratio of (V /V ) is set at 0.500. 
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k. For other systems, the maximum ratio of (V /V ) is set at 0.400o J ' v' u 
The use of equation 1-39 has been very successful, rivaling the correla-
tion of Wilke and Chang in the low average percent deviation of estimated 
values of D from values derived from experimental data. 
Method of Houghton 
Starting with a cubic lattice structure and the Navier-Stokes 
equation, Houghton (19) developed the following relation for the self-
diffusion coefficient in liquids: 
D == RT X2p/24 M a (l.40) 
1/3 
Since the experimental data were "best fitted "by the relation, X = 2v ' , 
Equation 1.40 was rewritten 
2/ 
D == RT p v /3/6M \I (1.41) 
For 25 systems, the calculated values agreed with the measured values with 
an average deviation of nine percent. 
This research will endeavor to determine the temperature function 
for self-diffusion and dilute binary diffusion in liquids by using a 
much wider temperature range than that found in any reported system. 
Verification of an estimation method for the diffusion coefficient de-
scribed above or development of an improved estimation method by use of 




The system studied consisted of a uniform, cylindrical, sintered 
glass frit saturated with a solution containing tracer labeled solute. 
This frit was suddenly immersed in a stirred bath of the same concentra-
tion as the solution contained within the frit, but with no tracer pre-
sent. The volume of the bath was large compared with the pore volume of 
the frit and the bath was well stirred. As a' result, the concentration 
of labeled solute in the bath was small compared with the initial con-
centration in the frit and was uniform throughout the bath. The concen-
tration of labeled solute in the bath was thus small enough not to affect 
rate of diffusion, but still large enough to be measured with accuracy. 
The increasing tracer concentration in the bath could be used to deter-
mine the rate of loss of labeled solute from the frit. The following 
development describes the method used to calculate the diffusion coef-
ficient of the labeled solute from measurement of the bath activity as a 
function of time. 
The equation of continuity for the tracer in the frit with D and p 
assumed constant is: 
ac ac he dc 
•W + K F + U e r ^ + \ St) • 
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dc d2c d2c d2c 
D(i -J! + £ + i_ £ + 1 ) (2.1) 
r dr dr2 r2 de 2 dZ 2 
No pressure gradient existed to cause bulk flow in the system and the frit 
was prepared to have a unifoiin initial concentration of tracer present. 
The fluid velocity in the frit was uniformly zero,. Since the frit was 
sealed around its circumference by the frit holding assembly_, no radial 
diffusion could occur to produce an angular concentration gradient. 
Wall et al. (3) have shown that radial diffusion is unimportant in thin 
fritted discs. As a result: 
Ur = U9 = UZ = ° (2'2) 
dC d2C d2C 
— ^ = - = = 0 (2.3) 
dr dr2 dZ 2 
and equation 2.1 becomes 
_ I = D — I (2oif) 
dt dz 2 
By assuming that the concentration of labeled solute outside the 
frit is held at zero, several solutions to equation 2.4 can be found. The 
solutions presented in equations 2.5 and 2.6 were taken from Garslaw and 
Jaeger (20). 
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kC oo n - D ( 2 n + 1 ) 2 ^ 
CL, = — ^ 2 -i^y1— e
 L* COS (2n + l)ff (2.5) 
F « n=o (2n + I ) 2 ^ 
and the average concentration is given by: 
2 re t 
8CFO : i 
-D(2n + 1 ) ^ 
F aVg «£ n=o (2n + 1) 
2 i e (2.6) 
The amount of tracer appearing in the stirred bath is 
VB CBt = VF (°F0 " CF av« t> (2"7) 
which can be rearranged to give: 
V.r 
CF0 " Vl CBt == CF avg t ^2#8) 
But it is easily seen that 
'p 
S o = VL CB» (2-9) 
where CL can be measured for each experimental run. Substitution of 
equation 2.9 into equation 2.8 and rearranging gives: 
22 
d " h = (v4-> CF avg t <2'10> 
Bco B B00 
By dropping the constant terms on the right hand side of equation 2.6 and 
substituting the remainder for CL, , in equation 2.10, we have 
° F avg t 
^ 2 4 
-D(2n + 1)'" 
^-h-~<v-%-> * -1—,e " kLS (2-ii} 
Boo VB B<° n=o (2n + l ) 2 
Equation 2.11 converges rapidly and its value can "be very closely repre-
sented "by the term for n = o except for very short times. If the n = o 
term only is used, equation 2.11 becomes 
Q -D K_ t 
(1 .. - M ) = Ke T (2.12) 
LBoo 
CBt-
This shows that if the log of (l - - — ) is plotted versus t, a straight 
LBoo 
line of slope equal to (-D K..J should result. If the frit constant (K_) 
is evaluated by use of a system with known D, then D for other systems 
can be determined from the slope of the line obtained by plotting the 




The Constant Temperature Bath 
In order to carry out the proposed investigation on the effects 
of temperature on diffusion rate, a constant temperature bath was re-
quired which could furnish temperature control from 195 "to 370 K. The 
bath designed to meet the requirement is shown in Figures 2 and 3- This 
bath permitted temperature control within ±0.5 K. over the required 
temperature range. 
Diffusion Chamber 
The inner cylindrical container held the stirred bath, the sin-
tered glass frit and the frit holder, and a Teflon coated magnetic 
stirrer. The ground glass flanged top was fitted with two ground glass 
sampling ports. A closed container was necessary to prevent loss of 
tracer containing material by evaporation and to maintain a controlled 
vapor space over the stirred bath. 
One of the primary assumptions in the development of the mathe-
matical model for the system was that the stirred bath had a uniform com-
position. This was also required if samples taken from the bath were to 
be independent of position. The Teflon coated magnetic stirrer produced 
the required turbulence to insure uniformity of the bath. Use of the 
stirrer also provided a slight improvement in temperature control. 
The outer container held the temperature control bath, a magnetic 
2k 
DIFFUSION CELL COVER 














Figure 2. Detail of Diffusion Chamber of Constant Temperature Bath. 






























stirrer, a thermo-regulator, a heat source, emd a heat sink. The control 
"bath was either methanol, water, or cooking oil according to the tempera-
ture of the experimental run "being conducted. 
The heat source was a small 300 watt immersion heater. The power 
input to this heater was controlled "by use of a Variac voltage transformer. 
The heat sink consisted of three turns (five feet) of one-quarter 
inch copper tubing immersed in the control "bath. The flow of coolant 
through the heat sink was controlled by a valve. 
Two different thermo-regulators were used in order to cover the 
temperature range studied. A Precision Scientific Company adjustable 
mercury thermo-regulator was used for temperatures from 273 to 370 K. 
For the low temperature experimental runs, a gas actuated thermo-regulator 
was fabricated as shown in Figure k. In order to set the desired tempera-
ture, the bulb was inserted into the temperature control bath with the 
stopcock open. The bath was brought approximately to the desired tempera-
ture and the stop cock closed. Final temperature adjustment was made by 
adjusting the tungsten contact height. The control characteristics of 
this regulator are given in Appendix II. 
The outer cylinder was enclosed in a two-inch layer of styrofoam 
except for the top and a section of the bottom where the magnetic stirrer 
motor was inserted. The top was covered with a three-eights inch Plexi-
glas template which was used to position the various parts of the system. 
Coolant System 
A Podbielniak Flokold unit was used as a source of refrigerated 
methanol for circulation through the heat sink coils. The insulated 
storage tank of this unit contained five liters of methanol which were 
27 
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BULB VOLUME « 10 cc 
.COPPER SCREW 
THREADED COPPER BLOCK FOR 
ADJUSTING CONTACT HEIGHT 
CONTACT NO. 2 
-TUNGSTEN WIRE CONTACT 
MERCURY FILLED 1 mm 
CAPILLARY TUBING 
CONTACT NO. 1 
Figure k. Schematic of Gas Thermoregulator. 
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cooled by a vapor-compression refrigeration unit. A temperature regula-
tor and coolant circulation pump were also provided. Coolant temperatures 
could be set and controlled over the temperature range of 220 to 298 K. 
within ± 1.0°K. by this system. The coolant was usually furnished to 
the bath at a temperature 10 K. colder than the temperature set point. 
In order to reach 195 K., the 2'efrigeration system was deactivated 
and finely crushed dry ice was added to the coolant storage tank. When 
there was a considerable excess of dry ice on the tank bottom, the coolant 
was circulated through the heat sink system. Care was taken to insure 
that powdered dry ice was maintained in the tank throughout an experi-
mental run. 
All interconnecting coolant lines were one-quarter inch rubber 
vacuum tubing with a one inch coating of fiberglass insulation. In the 
return leg of the coolant system, a copper cooling coil approximately 
two inches in diameter by three inches high was incorporated as a con-
stant temperature loop for the tracer saturated frits. This copper coil 
was immersed in methanol contained in a Dewar flask and maintained this 
methanol bath at a temperature approximately one degree lower than the 
diffusion bath set point temperature. This section of the coolant return 
line was called the Frit Conditioning Loop. 
Thermocouple Potentiometer System 
Rough temperature readings were obtained by using standard mercury 
or "red liquid" filled thermcme'cers, but the final temperature readings 
were made with a thermocouple-potentiometer system. Iron-Advance thermo-
couples were used in conjunction with a Leeds and Northrup K3 potentiometer 
for this purpose. Calibration procedures used for these thermocouples 
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are given in Chapter IV. The galvanometer used was of the floating light 
spot type. An advantage of i:his type galvanometer was that the actual 
voltage fluctuations around the set point could be continually observed 
after the control temperature was reached, requiring only occasional re-
balancing of the potentiometer. 
Liquid Scintillation Counter 
The tracer concentration of the stirred bath samples was monitored 
by use of a Packard Model 31^ EF liquid scintillation spectrometer system. 
This system gave efficiencies of the order of 20 to 30 percent when used 
to count tritium-containing samples dissolved in the scintillation solu-
tion described in Chapter IV. 
A schematic diagram of the system is shown in Figure 5- The sam-
ples, photomultipliers, and preamplifiers were contained in a special re-
frigeration chamber kept at 5 C. to reduce the number of thermal electrons 
emitted by the photomultipliers. The preamplifiers were located immedi-
ately adjacent to the photomultipliers to prevent the pickup of electri-
cal noise whidh might occur if the preamplifier lead-in lines were long. 
The coincidence unit would pass only those pulses which arrived 
within 2 X 10 seconds of one another. This was to eliminate as much 
of the random electrical noise generated in each separate photomultiplier-
amplifier system as was possible. 
The energy band-pass width of the analyzer unit could be adjusted 
to permit discrimination between isotopes on the basis of their different 
decay energy spectra. 
The scaler unit could be set to count for a preset time or a pre-










a six decade scaler unit and the time of counting was displayed in one-
hundredths of a minute on a four decade scaler unit. 
Miscellaneous 
The sintered glass frits used in this work were Kimax 30 mm diameter 
discs with nominal pore size of k.O to 5*5 microns. The glass used was 
K G - 33 which had a reported linear coefficient of expansion of 
3.2 X 10"7/° C. from 0 to 300° C. 
Timer 
The timer used for the viscosity determinations and for the experi-
mental runs was an Eastman Kodak spring wound photo timer. A rough check 
for accuracy was made by comparing the Kodak timer with a synchronous 
electric motor driven wall clock for a two-hour interval. The Kodak timer 
was only six seconds slower than the electric clock for this period of 
time and was used in this condition for all timed operations. 
Glassware 
Class A volumetric pipets and volumetric flasks were used in order 
to make the errors in liquid volume measurement as small as possible. 
Viscometers 
The viscometers used were Cannon-Fenske units which were supplied 
with a certificate of calibration. The calibration was checked against 
double distilled water or a certified viscosity oil obtained from the 
Chemical Sciences Division of the Georgia Institute of Technology Engi-
neering Experiment Station. The calibrations were determined to be cor-
rect by these measurements. 
Balances 
A Westphal "balance was used to measure the densities of the 
various solutions. The unit was capable of measuring density changes 
as small as 0.0001 g/cc. A Mettler "balance was used for general purpose 




Calibration of the Thermocouples 
The thermocouples used in this work were constructed from 
Anaconda 32 gauge enameled and double glass wrapped copper and Advance 
(constantan) thermocouple wire. The junction was prepared by carefully 
cleaning one-half inch ends of each wire, twisting these ends together, 
and welding them. 
The cold junction used for the calibration set points was pre-
pared from double distilled water and ice prepared from distilled water 
and was kept in a specially cleaned Dewar flei.sk. 
The first reference temperature was the sublimation temperature 
of carbon dioxide under Jk2 mm. Hg pressure. The dry ice was cracked 
until it was in approximately one-fourth to one-eighth inch pieces and 
placed in a clean Dewar flask. The thermocouple was placed in the middle 
of the dry ice chips and a loose fitting stopper placed on the flask. 
After thirty minutes had elapsed, the potential difference was measured 
with the Leeds and Northrup ¥1 3 potentiometer. 
The second and third reference temperatures were the boiling points 
of chemically pure methanol and distilled water under 'jh2 mm Hg pressure. 
One liter of each solvent was placed in a round bottom flask and heated 
to boiling by a glass mantel heater. The thermocouple was immersed at 
a position as near to the center of the boiling liquid as possible. 
3h 
These measured, electromotive force (EMF) data points were fitted 
to a polynomial equation in temperature and a table of EMF versus tem-
perature calculated from this equation is found in Appendix I. EMF values 
calculated from this equation show excellent agreement with values re-
ported "by Edwards (2l) who used wire from these same spools in his work. 
Density Determination 
The densities of the eight solutions were each measured at several 
temperatures "by means of a Westphal "balance. This instrument was fur-
nished with a 10 cm3 quartz float which had been calibrated for use at 
20 C. The buoyant force of the liquid on the float which was totally 
immersed in the liquid was uEied in making the density determination. In 
order to make an estimate of the error in calibration which would exist 
at temperatures other than 20 C , several factors were considered. The 
linear coefficient of expansion for fused silica was given as 2.56 X 10 7 
/ K. for the temperature range -191 to 16 C. (22). The coefficient of 
volume expansion was estimated as equal to three times the linear coef-
ficient, or 7.68 X 10~7/° K. For the float volume of 10 cm3 and a tem-
perature change of 100 K. _, the calibration shift is 
10 cm3 X 7.68 X 10~7/° K. X 100° K. = 7-68 X 10~4 cm3 (k.l) 
As the error was less than 10 3 cm3 for measurements taken under condi-
tions furthest from the calibration point, no correction terms were applied 
to the readings taken. 
The sample to be measured was placed into a pyrex sample holder 
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which had been cleaned 'by rinsing twice with the sample solution just 
prior to the measurement. The sample and the quartz float were allowed 
to reach temperature equilibrium before the density measurements were 
recorded. Equilibrium was said to be reached when no further change was 
necessary to balance the system after a five minute interval. For deter-
minations at reduced temperatures _, a cover with a small hole for the 
float suspension wire was placed over the sample to prevent moisture from 
condensing into the sample. Elevated temperatures also required a cover 
to prevent evaporation from the system. 
A check on the overall density determination system was made by 
measuring the density of distilled water at several temperatures. Mea-
sured values were found to agree closely with those found in the litera-
ture . The measured data points were fitted to a polynomial equation in 
temperature by the method of least squares to obtain the density table 
given in Appendix III. 
Viscosity Determination 
In order to study the effect of viscosity as a parameter in the 
diffusion equation, the solution viscosity of all eight solvent-solute 
systems was measured as a function of tempers/ture. The Cannon-Fenske 
viscometers were prepared for each run by rinsing first with acetone, then 
twice with the solution whose viscosity was to be determined. The proper 
amount of solution was then drawn into the viscometer and the viscometer 
placed into the constant temperature bath to reach equilibrium. The time 
required to reach equilibrium was usually 15 minutes or less. When the 
variation in the time of fall of the meniscus on two separate runs made 
3< 
five minutes apart "was less than one second, equilibrium "was assumed to 
have been reached and the times of fall, recorded. 
The constant temperature bath used for the diffusion runs was used 
in the viscosity determinations. The same temperature control standard, 
i.e., a maximum fluctuation of ±0.5 K. around the set point, was also 
used in the viscosity measurements. 
The calibration constants of the viscometers are shown in Table 2. 
These constants were checked by comparing values determined for the vis-
cosity of water, methanol, and acetone with these viscometers at several 
temperatures with values found in the literature. Agreement between these 
values was within one percent for each viscometer. 
Effect of Temperature on the Viscometer Constant 
The Hagan-Poiseuille equation 
Jt£P / 4\/l\ 
"5T (r ) { L ) 
(̂ .2) 
when differentiated with respect to temperature gives 
dQ _ jt JSP 
dT " -8(j. KLJ dT L2 u ' dT (M) 
For pyrex, the coefficient of linear thermal expansion is 3°25 X 10 6 
1° K. (23) and therefore 
dr 
dT 
6 „/0 3.. 25 X 10"6 r/ K (h.k) 
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J 688 25 0.0020.18 
J 89.1 50 0.002973 
J 376 100 0.0109^ 
33 
§= 3.25 x l O " 6 L / ° K . (^.5) 
Substi tut ing equations k.k and 4.5 into equation 4.3 gives 
f f - * # (9-75 x icfe)(f ) 4.6) 
Therefore, for the same pressure force and viscosity, the ratio 
-^ = 9.75 X 10"e dT (̂ 7) 
which shows a variation of less than one-tenth percent for a 100 degree 
temperature change. For this reason, no correction factors were applied 
to the viscometer calibrations. 
The conversion from centistokes to centipoises was made by divid-
ing the measured kinematic viscosity by the measured density at each 
temperature. A table of viscosity versus temperature obtained from 
fitting the measured data points to a polynomial equation in temperature 
is found in Appendix IV. 
Preparation of Diffusion Solutions 
Chemicals Used 
The solvents used in this work were obtained from Union Carbide 
Chemicals Company. The minimum purity specified by Union Carbide and the 
purity of the materials actually furnished as determined by use of a 
Perkin Elmer model 1,54 D gas chromatography unit are given in Table 3« 
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Methanol 99.5 99-8 
Acetone 99.5 99.8 
Methyl ethyl ketone 98.0 99-6 
Methyl propyl ketone 95-0 99-3 
Methyl isob'utyl ketone: 99°o 99.1 




The two figures given for methyl n-amyl. ketone represent, respectively, 
the parity of the material as received and as purified by distillation. 
The tritium-labeled methanol was furnished by Nuclear Chicago, Inc.. with 
an activity level of 25 mc/mm and was specified as "being of "reagent 
quality." This material was diluted to an activity level of 50 mc/ml 
with Union Carbide methanol prior to being used. 
The tritiated water was furnished by Atomic Accessories, Inc. 
with an activity level of 100 mc/ml and was used as furnished. The water 
was also specified as being of "reagent, quality. " .Due to the complica-
tions involved in analysis of radioactive materials, these chemicals were 
used as received with no chemical analysis performed. 
Concentrations and Activity Levels 
Two different solution concentrations were used in this work, 
0.1.1.1 molar solutions with water as the solute in ATN, MEK, and MeOH, 
and 0.0991 molar solutions with methanol as the solute in ATN, MEK, 
JMPK., MiBK, and MAK. The solute concentrations were kept low in order 
to minimize the nor-ideality and concentration effects on the diffusion 
coefficient. These solutions were easily prepared, as they contained 
2.0 and 4.0 ml of solute per liter of solution at 20 C. respectively. 
Non-tracer containing solutions were prepared in one liter volu-
metric flasks from one to twc hours prior to being used. Volumetric 
pipets were used to transfer and measure the solute. The tracer-labeled 
solutions were prepared in 50 wl quantities, using pipets for the solvent 
and Aloe ultra-micro volumetric pipets for the solute. These tracer-
labeled solutions were kept for extended periods of time by sealing the 
storage bottles with polyethylene caps. 
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All tritium, containing solutions were prepared to contain a tracer 
concentration of 0.20 mc/ml. This was checked by counting the activity 
levels of several of the labeled solutions. 
Scintillation Solution Preparation 
The solvent used for the liquid scintillation solution was 1,4-
dioxane furnished by Union Carbide Chemicals Company. Table 4 gives the 
properties of the material as received and used compared with the pro-
perties of pure 1,4-dioxane. The solutes, neipthalene, 2,5-diphenyloxazole 
(PPO), and l,k-bis-2~(5-pne;nylox:azolyl)-benzene (POPOP), were furnished 
by Packard Instrument Company and were classified as "Scintillation Grade/' 
The scintillation solution was prepared by dissolving seven grams 
of PPO, 0..3 grams of P0P0P, and 100 grams of napthalene in enough 1,4-
dioxane to make one liter of solution. This scintillation solution, has 
been reported to be one of the most efficient solutions available for use 
in counting tritium-containing systems(2.5). 
Frit. Preparation and Saturation 
The sintered glass frits were prepared for saturation by forcing 
40 ml of pure acetone through each of them in order to remove any resi-
dues from previous runs. They were then placed in an oven held at 100 C. 
for at least eight hours, Ho further weight loss could be detected in 
frits dried for longer times on a laboratory balance sensitive to 0.1 mg. 
A frit which had been cleaned and dried was placed in the tracer 
solution at least 48 hours prior to being used. The purpose of this was 
to insure full, saturation of the frit. No weight gain was detectable for 
frits immersed for longer periods of time. Frits which were wet from a 
Table 4. Scintillation Solvent Properties (1.,4-Dioxane) 
Measured Material Properties Pure Material Properties* (24) 
Refractive Specific .Refractive Specific 
Index Gravity Index Gravity 
20° C. 20/20° C. 20° C. 20/20° G. 
1.4222 1.0358 1.4224 I.O356 
h3 
previous run with the same solvent-solute system would generally reach 
saturation by diffusion in 12 hours. This could be checked by the equi-
librium tritium concentration of the run in which the frit was used. Low 
equilibrium count rate indicated that the frit was not properly saturated 
and longer saturation times were allowed for later runs. 
Attaining Constant Temperature 
At the beginning of an experimental run,, one liter of sample solu-
tion was placed in the sample container of the constant temperature bath 
and the control temperature was set. At least one hour was allowed for 
the system to reach temperature equilibrium. During this time, the tem-
perature fluctuations were monitored with the thermocouple-potentiometer 
system, and any necessary adjustments were made. 
The most common adjustments for the constant temperature bath, with 
the exception of set point changes _, were regulation of the coolant flow-
rate and of the heater power input so that the heater on and off times 
were approximately equal. This adjustment had a marked effect on limit-
ing the range of temperature fluctuations around the set point. When the 
maximum, deviations were consistantly less than 0„5 K. r the temperature 
control was considered satisfactory. 
The solution containing the tracer-labeled solute and the saturated 
frits was also brought to operating temperature during this time by being 
placed in the frit conditioning loop. In this case; temperature fluctua-
o 
tions of ± 2 K. were allowed. This variation was found to have no notice-
able effect on the diffusion coefficient when, by mistake, a run was made 
with the frit solution not preconditioned and 20 K. warmer than the bath 
I'll 
temperature. Any effects which may have occurred took place in the very 
short time stages of the diffusion where no measurements were taken* 
.Duplicate runs made with the frit solution at the proper temperature gave 
the same final result. The ± 2.0 K. tolerance was maintained for the 
frit solution throughout the wcrk in order to minimize any possible error. 
The Experimental Run 
After the temperature had equilibrated, the sintered glass frit 
was removed from, the tracer solution with long tweezers, "blotted quickly 
on "both sides with a paper towel to remove surface drops, and placed in 
the frit holder. The frit and holder assembly were then inserted into 
the sample solution and the timer was started. One ml samples of the 
stirred "bath were taken at predetermined times "by use of an automatic 
pipet and were placed in numbered polyethylene liquid scintillation 
bottles containing 1.0 ml of the dioxane base scintillation solution. 
The first series of samples taKen covered the time period during 
which, the tracer* concentration of the stirred bath was changing rapidly. 
When this period was over, it was necessary to wait for the stirred bath 
to reach an equilibrium tracer concentration. The time required to reach 
equilibrium varied from 4,5 minutes to 2k hours for the systems and tem-
peratures studied. Three samples of the equilibrium mixture were taken 
for a more accurate determination of the equilibrium tracer concentration. 
At least two experimental runs were made at each condition. 
Sample Counting 
The samples were taken to the radioisotope counting room in the 
Georgia Institute of Technology Nuclear Research Center for counting as 
h5 
soon as possible after completion of an experimental, run. A period of 
more than 12 hours was not allowed to elapse "before the samples were 
counted. This was necessary in order to prevent erroneous readings due 
to the evaporation of the tracer labeled component- The polyethylene 
liquid scintillation bottles could not maintain a vapor-tight seal for 
extended periods of time. 
The samples were placed in the cold chamber of the liquid scin-
tillation counter and allowed to cool to the equipment temperature of 
5-0 C. The purpose of this reduced temperature, as previously men-
tioned, was to eliminate as much electrical "noise" from the counting 
rate as possible without freezing the scintillation solutiono 
The liquid scintillation counter was set for the best counting 
conditions for tritium and a system, blank, containing 10 ml of scin-
tillation solution and one ml of non-tracer containing diffusion solu-
tion, was run. The blank was used to determine the background rate of 
the system at the start and at the end of a counting session. 
Each sample was counted for three minutes and the counts per 
minute, after being corrected for background rate, were recorded. One 
of the equilibrium samples was counted for ten minutes to check for any 
statistical error in the count rate. In no case was this error found 
to be significant. The corrected count rates for a typical experimental 
run ranged from. 10,000 to 60,000 counts per minute. 
Mffiision Data Treatment 
•Hie count rates (C+) observed during the period when the tracer 
concentration was increasing rapidly were divided by the equilibrium 
ke 
count rate (C ) and the quotient subtracted from unity- This is repre-
sented by 
R = (1 - C./C ) t t' °° 
where R, is a dimensionless number. By plotting log R versus the time 
associated with it, a straight line was obtained with a slope propor-
tional to the diffusion coefficient, D. 
The criterion for acceptance of a set of dual runs was mutual 
agreement within ten percent< If this requirement was not satisfied, 
an additional pair of runs was made. 
hi 
CHAPTER V 
EXPERIMENTAL RESULTS AND DISCUSSION 
Calibration of the Thermocouples 
The sublimation temperature of solid carbon dioxide under jk2 mm 
Hg pressure was calculated to "be 194.52 K. from the data of Giague and 
Egan (26). The relative EMF measured at this temperature was -2.6.32 
millivolto The "boiling point of methanol under jk2 mm Hg pressure was 
reported to "be 337-05 K. (27). This corresponded to a relative EMF of 
2o505 millivolt o The "boiling point of water under 7̂ 2 mm Hg has "been 
given as 372.48° K. (28). The measured EMF for this point was 4.030 
millivolts o 
These data points were fitted to a polynomial equation "by a 
least squares curve fitting procedure and the resulting equation was 
EMF = -7.O73O + 0.0151931T + 3.9250514 X 10"5T2 (5.1) 
Table 5 gives a comparison of values calculated from equation 5°1 and 
values reported by Edwards (2l) who used wire from the same spools in 
preparing his thermocouples. The maximum difference between the values 
represents only 0.2 K. A table of values of the calculated EMF versus 
temperature for the entire temperature range studied is presented in 
Appendix I. 
kQ 
Table 5° Comparison of EMF Calculated from Equation 5-1 
with Values Reported by Edwards 
(All values in millivolts) 
T° K. Eqn. 5.1 Edwards A 
293 0.7^8 0.7^7 + .001 
303 1.13^ 1.132 + .002 
313 1.527 1.527 + .000 
353 3-lSl 3.180 + .001 
363 3.614 3.608 + .006 
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Density Measurements 
The measured values for the densities of the solutions used as a 
function of temperature are shown in Table 6» Figures 6, 7> and 8 show 
the measured densities plotted versus temperature. The measured data 
points were fitted to a polynomial equation in temperature by a least 
squares method and the following equations for the solution densities 
as a function of temperature were derived. 
Solutions Containing 0.111 Molar Hp0 
p = 1.2060 - 2,7214 X 10™3T + 6.9977 X 1()"6T2 - 8.6262 X 10"9T3 (5.2) 
p = 1.1834 - 2.1510 x 10™3T + 4.5163 x io"6T2 - 5-9594 x io"9T3 (5.3) 
p = I.O.136 - 5»2477 x 10™5T - 3-7418 x 10"6T2 + 5»IO87 x 10~9T3 (5.4) 
Solutions Containing 0.0991 Molar MeOH 
PATW = lo3°86 - 3-6692 x 10"3T + I.0506 x 10™5T2 - I.3686 x 10"8T3 (5.5) 
PMEK = 1° 0 07 1 + 1-5266 X 10"5T - 3-9933 X 10~6T2 + 5o4306 X 10_9T3 (5.6) 
PMPK = 1-36l6 - 4.9456 X 10"3T + 2.0109 X 10"5T2 - 4.2243 X 10"8T3 
+3.1331 X 10_11T4 (5.7) 
Table 6. Measured Densities of Solutions Used gm/cm3 
0.111 Molar Solut 
H 20 in 
ions of 0. 0991 Molar Solutions of MEOH in 
T° K. ATN MEK MEOH ATN MEK MPK MiBK MAK 
195 .8920 .8995 „8780 .8918 .8990 ,89^5 ,8820 
251 .83UO .8455 .8270 .8330 .8U50 -8U35 .8355 .8480 
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p . = 0.7272 + 4.I.756 X 10"3T - 2.9432 X 10~5T2 + 7 = 6237 X 10"8T3 
-T-3323 x IO~I:LT4 (5*8) 
pw.v = 1.0832 - 1.5647 X 10"'
3T + 4.9.126 X 10~6T2 - 1,2108 X 10"8T3 HMAK 
+9.966.5 X 10~12T4 (5.9) 
Table 7 compares the measured values with values taken from the litera-
ture. It can be seen that in no case is the error as great as one percent 
A table of the calculated densities of all eight solutions versus tempera-
ture is given in Appendix III. 
Viscosity Measurements 
The measured values for the viscosities of the various systems 
studied as a function of temperature are shown in Table 8. Figures 9 an-d 
10 show the measured viscosities plotted as a function of temperature. 
The measured data points were fitted to polynomial equations in tempera-
ture by a method of least squares and the following viscosity-temperature 
equations were developed: 
Solutions with 0.111 Molar H O 
Log ^ M e 0 H = 2.1.902 - 0.4.1727 X 10
4/T + 0.13751 X 107/T2 
-0.11360 x IO 9/T 3 (5.10) 
5 
Table 7- Comparison of Average Measured Densities 
with Values from the Literature (gm/ml3) 
T° K. Measured values Lit. value Ref. 
Acetone 293 . 791.1 •T905 (27) 
MEK 293 • 8053 .80^9 (27) 
MPK 293 . 8071 .8064 (27) 
MiBK 293 .8010 .8032 (27) 
MAK 293 .8150 .8154 (27) 
MEOH 293 • 7918 .7912 (27) 
Water 273 -9999 • 9998 (29) 
M 
293 .9987 . 9982 (29) 
tl 323 .9880 .9880 (29) 
II 
353 .9750 .9718 (29) 
tt 368 .9650 . 9619 (29) 
Table 8. Measured Viscosities in Centipoises of Solutions Used 
T° K. ATN MEK MEOH ATN MEK MPK MiBK MAK 
195 1.52 2.60 5 = 28 1.48 2.501 3-96 6.47 
251 • 5^3 • 717 1,24 •535 • 707 .927 1.15 1.84 
273 • 399 .508 ,786 . 1UU .505 .626 .7^1 1.10 
293 = 321 .400 kfii; onr\ • '-t̂ -L ),r\r- • 575 n -1 ^ • OJL^ 
323 .245 = 303 ^398 .246 .303 •367 .4i4 •553 
1 1 v 
0^0 .278 
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Log \iA!m = -0.5403 - 0.18998 X 10
4/T + O.T0136 X 10 6/T 2 
-0.57485 x 108/T3 (5=ll) 
Log [i = 0.6256 - 0.25616 X 104/T + 0.82973 X 10 6/T 2 
0.62048 X 108/T3 (5-12) 
Solutions with O.O99I Molar MeOH 
Log \iAW = -1.4725 - 0.11503 X 10
4/"T + O.50687 X 10 6/T 2 
-0.4l.348 X 108/T3 (5 = 13) 
Log [imK = -0.4775 - 0.16946 X 10
4 /T + 0.60953 X 1 0 6 / T 2 
0.44184 x 108/T3 (5»l4) 
Log [i^ = -46.0481 +• 0.47342 X 10 5 /T - 0.18889 X 1 0 8 / T 2 
+0.33586 x I C 1 0 / T 3 - 0.21913 x I O 1 2 / T 4 (5-15) 
Log \±mm = -35.5043 + 0.36349 x I O 5 / I - 0.14605 x I O 8 / T 2 
+0.26240 x I O 1 0 / T 3 - 0.17183 x I O 1 2 / T 4 (5 .16) 
6o 
Log ( J m K = 10-9848 - 0.1.9636 X 10
5 /T + 00.IO6II X 10 8 /T 2 
-0.23901 x I O 1 0 / T 3 + 0.20076 x I O 1 2 / T 4 (5.17) 
Table 9 compares the measured viscosities with values found in the 
literature. The average error appears to be on the order of three percent 
with an occasional six percent difference. Part of this discrepancy is 
attributed to the fact that the viscosity is an exponential function of 
temperature, and small fluctuations in temperature cause noticeable per-
centage changes in the value of this function, At 293 K., a one-half 
degree change in temperature corresponds roughly to a one percent change 
in the viscosity for all eight solutions studied. There is also some 
difference between values reported by different sources as can be seen 
from Table 9• 
The measured values and values calculated by equations 5=10 through 
5-17 were used in the comparison of estimation methods for the diffusion 
coefficients presented in Chapter VI. Since most of the estimation methods 
incorporate viscosity as a parameter., an error in viscosity will have 
little effect on the comparison of the methods. A table of calculated 
viscosities for the eight solutions as a function of temperature is pre-
sented in Appendix IV. 
Calibration of the Frits 
In order to establish the frit coefficient for each frit to be 
used, it was necessary to know the value of the diffusion coefficient for 
a system which could be used as a calibration standard. The average 
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Table 9« Comparison of Measured Viscosities 
with Values from the Literature 
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C2. 
value for the self-diffusion coefficient of water at :>98 K. as deter-
mined from ten values reported in the literature (33) was used for this 
purpose. Use of this value for D, 2-35 X 10'"5 cm2/sec, gives the follow-
ing equation for the determination, of the frit constant: 
A log (1 - C /C ) 1 
£L_B? ,:= K (5.18) 
At 2,,35 X lO"*5 
slope (5.19) 
• IT = K F 
2.35 x 10 ° 
Table 10 gives the slopes determined from duplicate runs with each 
of the five frits used and the corresponding frit coefficients. Since 
each of the frit coefficients was so close to the average value of 
2.68 X 103, this value was used for all experimental runs. 
A further check of the frit coefficient was mace by measuring the 
slope for diffusion of methanol in water at 2?88 K. V hen this measured 
slope, 3.58 X 10 , was divided by the frit coefficient, a value of 
1.33 X 10 5 cm2/sec was obtained for the diffusion coefficient. This 
value compared very favorably with the reported value of 1-28 X 10 5 (l). 
The Effect of Stirring Rate on Slope Determinations 
The possibility that the stirring rate of the diffusion bath could 
affect the rate of diffusion was studied in s, series of experimental runs. 
The system used for this study was the diffusion of water in methanol at 
293 K. The same sintered glass frit was used for each of the runs. 
Table 10. Frit Calibration Data 
Frit # Slope X 10' 
3 
K X 10"3 K^ - *C, 
F F F avg 
1 -6.31 2.68 .00 
2 -6.13 2.61 -.07 
3 -6.kj 2.75 +.07 
k -6.k2 2.73 +.05 
5 -6.26 2.66 -.03 
avg. -6.32 2.68 
Sum of Square Population Variance 
13-2 X 10" 
-3 3,30 x 10"3 
Sta Qdard Deviation 
5 75 X 10"
2 
Probable Error Range at 95/° Confidence Level 
2.67% 
6k 
Run M k-9 had no stirring except for the 30 second period just prior 
to a sample "being taken. Run M 50 had very slow continuous stirring with 
rapid stirring for the IS second period prior to sampling the bath. Run 
M 51 had continuous stirring at a medium speed which just caused turbu-
lence to develop. Runs M 29 ar..d M 30 had continuous rapid stirring with 
well developed turbulence. Table 1.1 shows that the slopes measured for 
these runs did not vary more than 2.92 percent from the average value. 
Since the rate of stirring appeared to have little effect on the slopes 
determined in these runs, turbulent stirring was used in all experimental 
work. 
Evaluation of the Sampling and Counting Techniques 
Each experimental run required ten or more samples of the diffusion 
bath to be taken and to be counted for tritium concentration. In order to 
estimate the accuracy of the measurements, standard deviations were de-
termined for the sampling technique, the counting system, and the overall 
method (34). The 95 percent confidence level was used throughout this 
evaluation and the "error range" is one-half the width of this confidence 
level divided by the sample mean. This value is roughly equal to 2.2 
times the coefficient of variation. 
Table 12 shows the variations which occurred in lk one ml samples 
with a mean activity level of 57,693 counts per minute taken from a con-
stant population. Care, was taken to ensure that the samples were taken 
under conditions similar to those present in an actual experimental, run. 
The confidence belt had an error range of 0.0201 or 2.01 percent. 
6.5 
Table 11. Effect of Stirring Rate on Slope Determination 
Run # Slope Slope - Avg. Slope Method 
M k9 .0467 ._ . 0012 Fast stir 30 sec. "before 
sample 
M 50 .0493 . 001.4 Slow stir except fast 
stir 15 sec. "before 
sample 
M 51 .0475 -. ooo4 Me dram, continuous 
stirring 
M 29 .0476 .C003 Turbulent stirring 
M 30 .0486 . 0007 Turbulent stirring 
Average j Slope Population Variance 
.0479 1.035 x io~
6 
Sum of Squares Standard Deviation 
4.14 X 10~ 6 1.0.17 x 1 0 " 3 
Probable Error Range at 957° Confidence Level 
5. 
66 
Table 12. Variations in Samples Taken 
from the Same Population 
imple # Count Rate A Count Rate A2 Count Rate 
1 57908 214 45949 
2 57̂ -96 -197 39062 
3 57800 106 11312 
4 57284 -409 I67806 
5 58840 1146 131^136 
6 57225 -468 2.19625 
7 5789^ 200 40.14.3 
8 58051 357 127704 
9 57214 -^79 230056 
10 57290 -403 162926 
11 58399 705 ^97529 
12 57299 -39^ 1557^2 
13 58090 396 157099 
14 56921 -772 596975 
Average Sum A*"' Standard Population 
Count Rate _ Deviation Variance 
5769.3 3766070 538 289697 
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Part A of Table 13 shows, the variations which occurred in twenty-
activity determinations of one sample with a mean activity level of 
56.?4.33 counts per minute- The; standard deviation was roughly one-half 
that which occurred in the previous case where the variance in counting 
and sampling techniques were both present. The error range in the 
counting technique for this activity level was 0,00942 or 0*9^2 percentc 
It was assumed that the activity levels of the two previous sys-
tems were both equal to approximately 57,000 counts per minute and that 
the count rate, C, was equal to the product of the sampling technique, A, 
and the counting technique, Bo The error in the sampling technique was 
determined by use of the relation (35) 
C A B \'--v) 
The error range for the sampling technique was determined to be 1.07 
percent. This sampling ervoT was assumed to be independent of the ac-
tivity level of the diffusion bath. 
The error range for the counting technique was a function of the 
activity level and Table 13 shows the variations which occurred in samples 
taken from, activity levels of cyi ,000 ? 30,000, and 9,000 counts per minute. 
Most of the data taken in the experimental runs fell in the 30,000 to 
60_,000 count per minute range. The counting error ranges for these ac-
tivity levels were 1.6.1 and O.Q'+2 percent respectively.. The maximum 
counting error range of 1.6l percent was used in the evaluation of all 
data except C where the lower value of 0-9^2 percent was applied. 
Table 1.3- Variations in Count Rate for One Sample 
68 




A 2 Count Rate 
1 56535 99 9940 
2 5-843 409 1.67'854 
3 5674:5 308 95295 
4 56396 - 37 1391 
5 56551 117' 7,3853 
6 C,62PQ _ 2 18 
7 56100 -333 111088 
8 56741 307 94679 
9 5675.8 284 81.054 
10 56368 - 85 7276 
11 5619.I -242 58709 
1 O 53139 -294 866.12 
13 56636 204 61.902 
14 55930 -503 25331.O 
15 s6l74 -•259 67236 
16 56452 1.8 3̂ 9 
1.7 56S68 134 18164 
1.8 56229 -204 41738 




1 30263 175 30695 
2 2988.3 -204 4.194.3 
3 29770 -357 123020 
4 30068 - 19 392 
c:i 30135 L.7 2227 
6 30133 
' , <-• 
4043 
7 30030 c -•• 3340 
8 29986 -1.03 1.0774 
9 30529 44.1 194657 
10 30123 33 1239 
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Table 13• Variations in Count Rate for One Sample 
(Concluded) 
Sample # Count Rate A Count Rate A 2 Count Rate 
Part C 
1 9915 265 70331 
2 9639 - 10 1.16 
3 9530 -119 143.52 
4 9682 32 1.036 
5 9542 -107 11620 
6 96.33 - 16 282 
7 978.5 135 18279 
8 9.529 -120 14592 
9 9*4-89 -loO 258.56 
10 9754 10U. 10857 
o 
Part Average Sum A Standard Population 
Count Rate Deviation Variance 
A 56433 1.236681 255 65088 
B 30087 415333 214 461.48 
C 9649 167325 136 1.8591 
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This gave an overall error range of 2.68 percent for the data points and 
2.01 percent for CL . 
The plotted data poirrr.s represent the term log (CBoo - CB+.)/CBoo 
as a function of time. The argument of the logarithm contains "both a 
difference and a quotient. The estimate of the population variance of 
the difference may he obtained by the use of the relation (36) 
(°B» - CEt} = S" ( C B J + S'Z (CBt) (5-21) 
The population variance: for the difference was then equal to the 
sum of the population variance for CL and the population variance of a 
sample CL, taken at an activity level between 30,000 and 60,000 counts 
Bt 
per minute. In most cases this difference population variance lay be-
tween 416,000 and 578,000 wit.h standard deviations of 6U5 and 76O re-
spectively. The maximum, difference error range then becomes 1660/ 
(CL - CL,). It was evident that this value increased rapidly as CL. B°° Bt Be 
approached CL . When CL ~ 0.50 C.n , the error range was 5-.55 percent, B00 Bt B00 
but equaled 13-9 percent when CL L = 0.80 CL „ The overall error range 
Bt B°° 
for the argument of the logarithm, was 1.6 percent at CL, -• 0.80 CL and 
.bt B°° 
the value for CL, was chosen as the maximum value to be used in comput-
ing the slopes for the diffusion coefficient evaluation. 
Evaluation of the Error in Slope Determination 
Eight experimental runs were made with the same frit to determine 
the variation in slope for the diffusion of water in methanol at 293 K. 
Table 14 presents the data obtained from, these runs. The standard devia-
Table 14. Variance in Slope for Diffusion of Water 
in Methane! at 293° K. 
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tion is 2. .17 X 10 3 and the error range at the 95 percent confidence level 
is 10„8 percent. The maximum deviation from the average value which ac-
tually occurred was 7° 7^ percent. As each slope used in the computation 
of diffusion coefficients was determined from, the average slope of two 
runs made under identical conditions, the error range for the average 
slope was J»6h percent. 
The Calculated Diffusion Coefficients 
The average slope determined from at least two experimental runs 
made at each temperature condition, the diffusion coefficient calculated 
from the slope and other correlating data for the eight systems observed 
are presented in Tables 15 and .1.6,, Figures 11, 12 and 13 show that the 
logarithm of the diffusion coefficient plotted versus temperature gives 
a definitely curved line. Figures Ik through 21 show that when the 
diffusion coefficient is plotted versus T/\if a straight line results for 
all eight systems„ From these results, an equation of the form 
D •--• K , (T/ii) system, - ' ' 
is suggested. This form, of" equation for D is also supported by a. wide 
range of data taken from the literature and given in Appendix V. 
As the diffusion coefficient was the product of the experimentally 
determined frit constant and the experimentally determined slope, the 
error range for the diffusion coefficient is taken to 'be the sum of the 




Table 15• Measured Slopes, Calculated Diffusion Coefficients, 
and .Relaxed Data for Systems with Water as the Solute 
T° K. Solvent - Slope D X 105(cm2/sec) |j. (cps.) T/ki 
195 Methanol .0037 • 137 5.21 37.4 
233 it .0133 .495 1.91 122.0 
253 11 .0223 .829 1.20 211.0 
273 
!l .0368 1.37 .809 338.0 
293 II .OJJ-82 1.79 • 585 5O.I.O 
323 II .0735 2.73 .405 798.0 
195 Acetone . 0167 .620 1.50 130. 
233 n • O36O 1.34 .726 321. 
253 
tt .0580 2.15 .526 481. 
273 
11 . 0800 2.98 o399 684. 
293 
11 . 1040 3.87 .319 919. 
323 n . 1500 5.58 .245 1.320. 
195 MEK . 0070 .260 2.56 76.2 
233 it .0263 • 977 1.01 230.0 
253 11 • 039r' 1.47 .692 366.0 
273 11 • 0578 2.15 .508 538 = 0 
293 n . 0778 2.89 .400 733.0 
323 11 . 1120 4.16 .303 IO65.O 
Table lo. Measured Slopes, Calculated Diffusion Coefficients, 
and Related Data for Systems with Methanol as the 
Solute 
T°K. Solvent - Slope D X 105(cm2/sec) [x (cps.) T/n 
195 Acetone . 0140 .521 1.46 133 
233 11 .0390 1.45 .710 328 
253 ti .0500 1.86 .520 486 
273 11 . 0760 2.83 .4oo 683 
293 it . 1000 3.72 .32.0 915 
323 it . 1370 5.10 .246 1310 
195 MEK . 0110 .409 2.46 79 
233 11 . 0270 1.00 .983 237 
253 it . 04-10 1.52 .683 371 
273 it . 0690 2.57 .507 539 
293 it .0860 3.20 .399 735 
323 it .1^30 5.32 .303 IO65 
195 MPK . 0061 .227 3.96 h9 
233 ti . 02.1.0 .781 1.44 162 
253 it .0370 1.38 .889 285 
273 it . 05^0 2.0.1 .630 434 
293 t) .0680 2.53 .491 596 
323 1! . 108() 4.02 .367 880 
353 11 . 1830 6.80 .278 1270 
195 MiBK .0034 . .1.26 6.36 30 
233 11 .0150 .559 1.85 126 
253 11 .0250 .930 1.09 232 
273 11 .0370 1.38 • 747 36.5 
293 11 .0530 1.97 .567 517 
323 11 .0830 3.09 .414 781 
353 11 . 1.100 4.09 .316 1115 
368 11 .1450 5.40 .275 1340 
253 MAK . 022.0 .819 1.74 145 
273 11 . 0310 1.15 1.10 248 
293 ti .0520 1.93 .809 362 
323 1? . O9IO 3.38 .558 579 
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Figure 1.1. Diffusion Coefficient in T*" K. Systems with Water 
as Solute Versus Temperature 
76 
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Figure Ik. Diffusion of Water in Methanol 
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Figure 16. Diffusion of Water in MEK 
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Figure 18. Diffusion of MeOH in MEK 
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Figure 19. Diffusion of MeOH in MPK 
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COMPARISON OF ESTIMATED VALUES OF D WITH EXPERIMENTAL VALUES 
AND DEVELOPMENT OF ESTIMATION METHODS FOR SELF-DIFFUSION AND 
BINARY DIFFUSION COEFFICIENTS 
Since the results of this work strongly suggested that the factor 
(T/P-)1,0 was a good representation of the temperature function for the 
diffusion coefficient, those estimation methods for the diffusion coef-
ficient which included this factor were compared with the experimental 
results. The reference substance method of Othmer and Thakar (Equation 
1.37) "was omitted since it contained the factor LL which was unknown at 
"w 
temperatures below 273 K. The equations of Li and Chang (Equation 1.24) 
and of Houghton (Equation 1.4l) required some special considerations in 
order to apply them to diffusion in the binary systems studied. 
The equation of Li and Chang was modified by using the molal 
volume of the solute and the viscosity of the solvent. In such dilute 
solutions as those used in this study, the solvent was essentially a 
continuous phase. The molal volume of the solute was used because the 
resulting equation, 
>-sg-cf> V a <^> 
V U 
gave the best agreement with the experimental values and was similar in 
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form to the Stokes-Einstein equation (Equation 1.7)• The estimation 
method of Eyring (Equation 1.25) was identical to Equation 6.1 except for 
the factor 2rt and was therefore not included in the comparison. 
The estimation method of Houghton (Equation 1.4l) was modified by 
using the atomic volume and molecular weight of the solute and the den-
sity and viscosity of the solvent for the "binary system. The viscosity 
of the solvent was again an obvious system characteristic, but the other 
factors were assigned on the basis that the given combination gave the 
best agreement with the experimental values.. The equation as used was 
2/ 
D = RT p (v ) /3/6M [i (6.2) 
vN u ' u v 
The equations of Wilke and Chang (Equation I.29) and of Scheibel 
(Equation 1-39) were used as given. The association factor, ̂ , was esti-
mated to be 1.15 and the maximum ratio of (V /V ) was set as equal to 
x v' u 
O.5OO for the ketones. For methanol, the recommended values of 1.9 and 
0.666 were used respectively. 
It was noted that the values for the association factors used by 
Wilke seemed to be related to the heat of vaporization of the solvent. 
Further examination revealed that the order of association parameters 
was the same as the order of the heats of vaporization per gram of sol-
vent. The square roots of these specific heats of vaporization were 
compared as shown in Table 17- This comparison showed that when TJT is 
unknown, it can be estimated by the relation 
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Table 17- Estimation of Association Parameters for Use 
in Equation 1.29 
Material H/m | ^ANHTOT W i l k e 
H20 532 23.1 2J+5 2.6 
MeOH 264 16.3 1.73 1-9 
EtOH 203 14.3 1.52 1.5 
ATN 123 11.1 1.18 1.1 
MEK 103 10.1 1.07 1.0 
MPK 92.3 9.6 1.02 1.0 
MiBK 86.1 9.4 1.0 1.0 
MAX 83.O 9-1 •97 1.0 
Benzene 93.8 9.68 1.03 1.0 
Hexane 80.3 8.95 •95 1.0 
Heptane 7̂ .2 8.62 .92 1.0 
89 
= A - (H/M)1/2 (6.3) 
9^ 
The minimum value for i|r is 1.0 for all systems. 
Examination of data for self-diffusion which is included in Ap-
pendix V revealed that an unusually simple correlation existed in the 
various systems studied. This simple relationship was 
D [x 
__Z = 4.0 x 10"
10 (6.4) 
The maximum deviation from this value among 22 of the 2k systems included 
in the table was approximately 22 percent. This indicates that the rela-
tion 
1/ 
]lJ± = JL (®) (
6-5) 
T 2* ^V; 
does not hold. The molal volume of n-C Ĥ -̂ is approximately ten times 
that of ethanol, hut the values of D \i/T for the two systems are k.3 X 
10"10 and 3.7 X 10"10 respectively. 
Water and t-"butyl alcohol show the maximum deviations from the 
proposed relationship. Water has an abnormally high value of 7-31 X 
10'10 for D |JL/T while the value for t-butyl alcohol is low, 2.8 X 
10 10. Water is often found not to fit such correlations and this devia-
tion was not unexpected. The low value for ':-butyl alcohol may he due to 
some sort of dimerization process, hut enough information to explain this 
90 
deviation definitely is not available. 
No such simple relationship existed ariong the values included in 
Appendix V for the group D |j,/T in binaiiy systems. However, several general 
correlations were noted. Each solute appeared to have a characteristic 
constant IC, such that 
i^-K (V'55 
T D KV J 
u 
(6.6) 
no .3 X 10"10 for Values of IC ranged from o.l X 10 for water systems to 3-
diffusion in carbon tetrachloride, "benzene and acetone. 
If values for the diffusion coefficient of other solutes in a sol-
vent are known, it is suggested that K_ "be calculated from equation 6.6 
for estimation purposes. Where no diffusion data are available, KL may 
be approximated by the relation 
Kp x 1010 = 3-3 t (6.7) 












with the following limiting conditions: 
1. The minimum value for the group in brackets is 3«3« 
2. The largest value for the ratio (V /V ) is 2.5. 
x v' u' 
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The agreement of equation 6.8 with the experimental values shown 
in Table 18 was "better than that obtained "by the other methods considered 
with the exception of equation 6.1. Each of the estimation methods pre-
dicted values for the diffusion of water that were higher than the experi-
mental values. This might "be explained "by the fact that water "becomes 
associated with the polar groupings on these solvent molecules. This 
would slow the diffusion rate "by forming hydrogen "bonds. 
The diffusion coefficient of methanol was also estimated to "be 
higher than the experimental values in all the systems studied except 
for the 2-heptanone system. For this system, the estimation methods 
gave values "both higher and lower than the experimental values. The 
reason for this sudden change in "behavior "by addition of one methyl 
group may "be associated with the "beginning of non-ideality in the solu-
tion, "but is not fully understood. 
Table 26 in Appendix VII shows that equation 6.8 successfully 
predicts the value of the group v for a variety of systems. 
T 
TABLE 18. COMPARISON OF VALUES OF D CALCULATED BY SEVERAL METHODS WITH 
EXPERIMENTAL VALUES (SO CM/SECIX10O* 000 
DIFFUSION OF WATER IN MEOH 
T K. EON* 1.39 EON. 6.1 EQN. 6.2 EON. 1.29 EQN. 6.8 EXP. VAL 
195.0 .2894 .2227 .2518 .3726 .3150 .1370 
233*0 .9443 .7269 .7892 1.2159 1.0510 .4950 
253.0 1.6323 1.2566 1.3367 2.1018 1.8 372 .8290 
273.0 2.6086 2.00S1 2.0931 3.3590 2.9691 1.3700 
293.0 3*8657 2.9758 3.0378 4.9776 4.4505 1.7900 
323.0 6.1666 4*7471 4.6868 7.9404 7*2312 2.7300 
DIFFUS1 ON OF WATER IN ATN 
T K. EQN. 1.39 EQN. 6.1 tQN. 6.2 EON. 1.29 EON. 6.8 EXP. VAL. 
195.0 .93 77 .7716 .8861 1.3520 .8351 .6200 
233.0 2.3218 1.9106 2*0969 3.3475 2.0677 1.3400 
253.0 3*4802 2«8639 3*0685 5.0177 3.0994 2.1500 
273*0 4.9298 4.0567 4.2407 7.1077 4.3903 2.9800 
293.0 o * o :; x o C t C ~> -^ J . <+ J ! D 
K C. f ** "> 
J»3DUJ 
9.5615 5.9061 3.8700 
323.Q 9*5329 7.8446 7.6695 13.7443 8.4898 5.5800 
DIFFUSION OF WATER IN MEK 
T K* EQN. 1.39 EQN. 6.1 EQN. 6.2 EON. 1.29 EQN. 6.8 EXP. VAL. 
195.0 .5503 .4529 .5245 .8841 • 4444 .2600 
233.0 1.6698 1.3740 1.5275 2.6823 1.3484 .9770 
253.0 2.6461 2*1774 2.3665 4.2506 2.1368 1.4700 
273.0 3.8777 3.1909 3.3890 6*2290 3.1314 2.1500 
293.0 5.3154 4.3740 4.5393 8.5385 4.2924 2.8900 
323.0 7.7104 6.3449 6.3635 12.3860 6.2266 4.1600 
VD 
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TABLE 1 8 . COMPARISON OE VALUES OF D CALCULATED BY SEVERAL METHODS WITH 
EXPERIMENTAL VALUES (CONT.) 
DIFFUSION OF MEOH IN ATN 
EON. 1 .39 EQN. 6 . 1 EON. 6 . 2 EON. 1 .29 EQN. 6 . 8 EXP. V A L . 
• 7152 . 6 1 1 1 . 7 9 7 5 . 8 2 6 1 . 6 9 3 7 . 5 2 1 0 
1*7707 1.493C 1 .9388 2 . 0 4 5 4 1 . 7 2 2 3 1 . 4 5 0 0 
2 * 6 5 4 3 2 . 2 2 3 0 2 . 8 7 5 8 3 . 0 6 6 0 2 . 5 8 6 9 1 . 8 6 0 0 
3 . 7 5 9 8 3 . 1 2 7 9 4 . 0 2 8 7 4 . 3 4 3 1 3 . 6 7 3 0 2 . 8 3 0 0 
5 * 0 5 7 9 4 , 1 7 8 9 5 . 3 5 6 1 5 . 8 4 2 5 4 . 9 5 4 2 3 . 7 2 0 0 
7 * 2 7 0 5 5 . 9 4 1 2 7 . 5 5 4 0 8 . 3 9 8 3 7 . 1 5 2 4 5 . 1 0 0 0 
9 . 6 5 8 6 7 . 7 9 4 6 9 . 8 2 7 0 1 1 . 1 5 6 8 9 . 5 4 5 2 . 0 0 0 0 
0 * 8 7 2 1 8 . 7 1 2 2 1 0 . 9 3 7 1 1 2 . 5 5 8 6 1 0 . 7 6 9 2 . 0 0 0 0 
DIFFUSION OF MEOH IN MEK 
EQN. 1 .39 EQN. 6 . 1 EQN. 6 . 2 EQN. 1 .29 EQN. 6 . 8 EXP. V A L . 
. 4 1 9 7 . 3 5 8 6 . 4 7 2 1 . 5 4 0 2 . 4 1 3 9 . 4 0 9 0 
1 * 2735 1 .0738 1*4123 1 . 6 3 9 0 1 . 2 5 6 1 1 . 0 0 0 0 
2 * 0 1 8 1 1 . 6 9 0 2 2 . 2 1 7 9 2 . 5 9 7 3 1 . 9 9 3 0 1 *5200 
2 * 9 5 7 4 2 * 4 6 0 3 3 . 2 1 9 6 3 . 8 0 6 2 2 . 9 2 5 0 2 . 5 7 0 0 
4 . 0 5 3 9 3 . 3 4 9 4 4 . 3 7 2 6 5 . 2 1 7 4 4 * 0 1 4 5 3 . 2 0 0 0 
5 . 8 8 0 5 4 . 8 0 5 3 6 * 2 6 7 7 7 . 5 6 8 3 5 . 8 2 5 9 5 . 3 2 0 0 
7 . 7 6 8 9 6 . 2 6 9 6 8 . 2 2 0 3 9 . 9 9 8 7 7 . 6 7 4 1 . 0 0 0 0 




1 9 5 . 0 
2 3 3 *0 
2 5 3*0 
2 7 3 . 0 
2 9 3 . 0 
3 2 3 * 0 
3 5 3 . 0 
3 6 8 . 0 
T K. 
1 9 5 * 0 
*•» *\ *t r\ 
C 5 O • U 
2 5 3 * 0 
2 7 3 * 0 
2 9 3 . 0 
3 2 3 * 0 
3 5 3 * 0 
3 6 8 * 0 
TABLE 18. COMPARISON OF VALUES OF D CA 
EXPERIMENTAL VALUES (CONT*) 
DIFFUSION OF MEOH 
T K. EQN. 1.39 EQN. 6.1 EQN. 6.2 
195.0 .2723 .2327 .3046 
233*0 .8937 .7536 .9867 
253*0 1*5712 1.3159 1.7232 
273.0 2.3919 1.9898 2.6051 
293.0 3.2886 2.7171 3.5549 
3 23.0 4.8 3 84 3.9537 5.1651 
353.0 7.0140 5.6603 7.3862 
368.0 8.5640 6.8626 8.9565 
DIFFUSION OF MEOH 
T K. EQN. 1.39 EQN. 6.1 EQN. 6.2 
195.0 .1691 .1445 .1866 
233.0 *6950 .5860 .7598 
253*0 1.2779 1.0703 1*3884 
273*0 2.0169 1 s6779 2.1774 
293*0 2.8527 2.3569 3.0605 
323.0 4*2900 3.5056 4*5597 
353*0 6.1640 4.9744 6.4796 
368*0 7.4Q20 5*9315 7*7242 



























































TABLE 18. COMPARISON OF VALUES OF D CALCULATED BY SEVERAL METHODS WITH 
EXPERIMENTAL VALUES KONT.) 
DIFFUSION OF MEOH IN MAK 
T K. EON. 1.39 EQN. 6.1 EON. 6.2 EON. 1.29 EQN • 6.8 EXP. VAL 
195*0 .0030 .0026 .0034 .0050 .0029 .0000 
233.0 .3398 .2865 .3763 .5507 .3262 .0000 
253.0 • 8003 .6703 .8827 1.2968 .7682 .8190 
273 *0 1 - %*>£>-? 1 * 1286 1*4R91 2.1983 1 .3022 1.1500 
293.0 1.9980 1.6508 2.1815 3.2374 1 .9179 1.9300 
323.0 3.1941 2.6101 3.4584 5.1755 3 .0660 3.3800 
353.0 4.7666 3.8467 5.1213 7.7234 4 .5754 .0000 





The following conclusions are drawn from the results of the 
investigation: 
1. The temperature function for the diffusion coefficient in 
"both self-diffusion and dilute binary diffusion systems is well rep-
resented "by the relation 
D = K . (T/V)1'0 (7-1) 
system ^ ' ^' 
where the constant may include contributions from the solvent and the 
solute. 
2. The constant, K , , for self-diffusion in 22 liquids with 
system7 
a molal volume ratio of 10:1 is approximately constant with a value of 
k X 10-10. 
3- The theoretically derived relation for self-diffusion in 
liquids 
~ ~ System ty U-) 
is not compatible-with the fact that although the molal volume of liquids 
for which the self-diffusion data are available vary by a factor of ten, 
97 
the value of the tight side of equation 7-2 remains approximately con-
stant at a value of 4.0 x 10"10. 
h. In self-diffusion systems, the diffusion rate of water is un-
usually high compared with the rate which would be expected from consid-
eration of other materials. 
5. In dilute binary solutions, each solvent seems to have an asso-
ciated constant, K_, such that 
D̂ i V 
V v / V N O . 5 5 
u 
(7-3) 
6. The increased diffusion coefficients in "associated" solvents 
relative to normal liquids with the same value of (T/|_L) is approximately 
proportional to the value of the ratio 
(H/M)A/(H/M)M1BK 
O. 50 
7« The diffusion coefficient in dilute binary solutions may be 
estimated by the relation 







with the following limiting conditions: 
a. The minimum value of the bracketed factor is 3«3« 
b. The maximum value of the ratio (V /V ) is 2.5. 





EMF OF IRON-ADVANCE THERMOCOUPLES RELATIVE TO 273 K. JUNCTION 
TABLE 19. EMF OF IRON-ADVANCE THERMOCOUPLES RELATIVE TO 273 K. JUNCTION 
(MILLIVOLTS) 
T 0.0 1.0 2.0 
190 -2.7693 -2.7392 -2.7089 
2G0 -2.4643 -2.4334 -2.4024 
210 -2.1515 -2.1197 -2.0879 
220 -1.8307 -1.7982 -1.7657 
230 -1.5022 -1.4689 -1.4355 
240 -1.1658 -1.1317 -1.0976 
25Q -»8215 -*7867 -.7517 
260 -.4694 -.4338 -.3980 
270 -.1095 -.0 730 -*0365 
280 .2583 .2955 .3328 
290 .6339 .6719 .7100 
300 1.0174 1.0562 1-0951 
I I O 
_y J. \J 
i /. n Q q t A A A A 
JL • ~r T >-» ~r 
i A o o n 
JL I t U U I j 
320 1*8080 1.8483 1.8888 
330 2.2151 2.2562 2.2974 
1 /. A 
D T \J C»OJUU £ . O t X 7 C . J 1 J 7 
350 3.0527 3.0954 3.1382 
360 3.4833 3.5268 3.5704 
370 3.9218 3.9661 4.0104 




3.0 4.0 5.0 6 
2.6786 -2.6483 -2.6178 -2 
2.3713 -2.3401 -2.3089 -2 
2.0561 -2.0241 -1.9921 -1 
1.7330 -1.7003 -1.6674 -1 
1.4021 -1.3686 -1.3350 -1 
1.0633 -1.0290 -.9946 -
-.7167 -.6816 -.6464 -
-.3622 -.3264 -.2904 -
• 0000 -0366 *0734 
.3701 .4076 .4451 
.7481 .7864 .8247 
1.1340 1.1730 1.2121 1 
1 U O -l-t 
1. . J C 1 1 1.5675 1. 6074 
i 
1.9293 1.9699 2.0105 2 
2.3387 2*3801 2.4215 2 
2.7560 •^ -T /"\ /"» 1 £ . / 7 0 1 




3.1811 3.2240 3.2670 3 
3.6140 3.6578 3.7016 3 
4.0549 4.0994 4.1440 4 
4.5035 4.5488 4.5942 4 
•0 7.0 8.0 9.0 
5873 -2.5566 -2, • 5259 -2« .4952 
2775 -2.2461 -2. • 2147 -2« .1831 
9600 -1.9278 -1. • 8955 -1« • 8632 
6346 -1.6016 -1< • 5685 -1« .5354 
3 013 -1.2675 -1, • 2337 -1« • 1998 
9602 -.9256 -, • 8910 - 4 .8563 
6112 -.5759 - .5405 - 1 • 5050 
2544 -.2183 -< • 1821 ->« • 1458 
1102 * 1471 . 1841 '2211 
4827 .5204 .5582 • 5960 
8631 .9015 ,9401 • 9787 
2513 1.2906 1 • 3299 1« • 3693 
t A ~r i. 
o** 11 
1.6874 i i • 7275 T 1 * • 1 O ( 1 
0513 2.0921 2, • 1330 2< • 1740 
4631 2.5047 2 *5464 2< • 5881 
on -*—* 
D O C I 
"i r\ <-» c t 
C . 1CJ 1 »9675 3 »0 i 01 
3101 3.3533 3 .3966 3< • 4399 
7455 3.7894 3 .8335 3 .8776 
18 86 4.2334 4 .2782 4 .3231 
6397 4.6852 4 .7308 4 .7765 
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APPENDIX II 
CALIBRATION OF GAS THERMO-REGULATOR 
TABLE CALIBRATION OF GAS THERMO -REGULATOR HG/ K) 
Tl T2 PI P2 DP/DT 
190 191 740.00 743.70 3*70 
200 201 740.00 743.51 3.51 
210 211 740.00 743.34 3.34 
220 221 740*00 743.19 3.19 
230 231 740*00 743.05 3*05 
240 241 740*00 742.93 2.93 
250 251 740.00 742.81 2.81 
260 261 740.00 742.70 2*70 
270 271 740.00 742.60 2.60 
280 281 740.00 742*51 2*51 
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APPENDIX III 
DENSITY DATA FOR SYSTEMS STUDIED 
TABLE 21. DENSITY DATA FOR SYSTEMS STUDIED <GM/CC> 
T MOH-H20 ATN-H20 MEK-H20 ATN*-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
190 .8823 • 8967 .9036 .8969 9031 .0000 .8854 * • 0000 
191 .8813 .8956 .9027 • 8957 .9021 .0000 .8847 • 0000 
192 .8803 .8946 .9018 .8946 .9012 .0000 .8839 • 0000 
193 .8794 .8935 .9008 .8934 • 9003 .0000 .8831 • 0000 
194 .8784 .8924 .8999 .8923 ,8994 .0000 .8823 * • 0000 
195 .8774 .8913 .8990 .8912 ,8985 • 0000 .8816 • 0000 
196 .8764 .8903 .8980 .8900 « ,8975 .8930 .8808 i • 0000 
197 .8755 .8892 .8971 .8889 ,8966 .8920 .8800 • 0000 
198 .8745 • 8881 .8962 .8878 i ,8957 .8910 .8792 • 0000 
199 .8735 .8871 • 8952 .8867 8948 .8900 .8784 • 0000 
200 • 8726 • 8860 • 6943 •8856 t ,8938 .8890 •8776 i • 0000 
201 .8716 .8850 .8934 .8844 * ,8929 .8881 .8768 .0000 
202 .8707 .8839 .8924 .8833 • 8920 .8871 .8760 • 0000 
203 . 8697 .8829 .8915 .8822 * .8910 .8862 .8752 « • 0000 
204 .8688 *8818 .8906 .8812 ,8901 • 8852 .8 744 • 0000 
205 .8678 *8807 .8396 .8801 < • 8892 .8843 .8736 • 0000 
206 .8669 .8797 .8887 •879Q i ,8882 .8833 .8728 • 0000 
207 .8659 .8 786 .8877 .8 779 i ,8873 .8824 .8720 « • 0000 
208 .865Q .3776 .8868 .8 768 ,8863 .8814 .8712 • 0000 
1 A Q 
C-. \J s 
Q C/. 1 • u vj-r x .8766 .8858 .8758 <"* «"» C t-
, oo54 
.8805 •S7Q4 « • 0000 
21Q .8632 .8755 .8849 .8747 ,8845 • 8796 .8696 • 0000 
211 .8622 .8745 .8839 • 8736 ,8835 • 8786 .8687 t • oooo 
212 .8613 .8734 .8830 .8726 , ,8826 .8777 .8679 • 0000 
213 • 8604 .8724 .8820 .8715 , • 8816 .8768 .8671 • 0000 
214 .8595 .8714 .8811 .8704 • 8807 .8759 .8663 • 0000 
215 .8586 .8703 .8801 .8694 ,8797 .8750 .8655 • 0000 
216 .8577 .8693 .8792 #8683 • 8788 .8741 .8646 • 0000 
217 .8568 .8683 .8782 .8673 ,8778 .8732 .8638 • 0000 
218 .8559 .8672 .8773 .8663 ,8769 .8723 • 8630 • 0000 
219 .8550 .8662 .8763 .8652 ,8759 .8714 .8622 • • 0000 
H 
O 
TABLE 21. DENSITY DATA CONTINUED 
MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
220 .8541 *8652 .8754 .8642 .8750 .8705 .8613 • 0000 
221 .8532 .8641 .8744 .8632 .8740 .8696 .8605 • 0000 
222 .8523 .8631 .8734 .8621 .8731 .8687 .8597 • 0000 
223 .8514 .8621 .8725 .8611 .8721 .8678 .8588 .0000 
224 #8505 .3611 .8715 .8601 .8712 .8669 .8580 i • 0000 
225 .8496 .8600 .8706 .8590 .8702 .8660 .8572 • 0000 
226 .8487 .8590 .8696 .8580 .8692 .8651 .8563 • 0000 
227 *8479 .8580 .8686 .8570 • 8683 .8642 .8555 • 0000 
228 .8470 .8570 .8677 .8560 .8673 .8634 .8547 • 0000 
229 .8461 .8559 .8667 .8550 .8664 .8625 .8539 .0000 
230 * 845 2 .8549 .8658 .8540 .8654 .8616 .8530 .0000 
231 .8444 .8539 .8648 .8530 .8644 .8607 .8522 i • 0000 
232 .8435 .8529 .8638 .8520 • 8635 .8599 .8514 .0000 
233 .8426 .8519 • 8629 .8510 .8625 .8590 .8505 .0000 
234 .8418 .8508 .8619 .8500 .8616 .8581 .8497 • 0000 
235 .8409 .8498 .8609 .8490 • 8606 .8573 .8489 • 0000 
236 *8401 .8488 .8600 .8480 .8596 .8564 .8480 i • 0000 
237 .8392 .8478 .3590 .8470 .8587 .8555 .8472 • 0000 
238 .8383 .8468 .8580 .8460 .8577 .8547 .8464 • 0000 
239 * Q ^ 1 J .8458 .8571 • 8450 .8568 • 8538 .8455 « • 0000 
240 .8366 .8448 .8561 .8440 .8558 .8529 .8447 • oooo 
241 .8358 .8437 .8551 .8430 • 8548 • 8521 .8439 • 0000 
242 *8349 .8427 .8542 .8420 .8539 .8512 .8430 • 0000 
243 .8341 .8417 .8532 • 8410 .8529 .8504 .8422 , .0000 
244 .8332 .8407 .8522 .8400 .8519 .8495 .8414 . 0000 
245 .8324 .8397 .8513 .8390 .8510 .8487 .8405 « 0000 
246 .8315 .8387 .8503 .8381 • 8500 • 8478 .8397 « .8518 
247 .8307 .8377 .8493 .8371 • 8490 .8469 .8389 • 8511 
248 .8298 .8367 .8484 .8361 .8481 .8461 .8380 8503 
249 .8290 .8357 .8474 .8351 .8471 .8452 .8 372 8 495 
o 
vn 
TABLE 21. DENSITY DATA CONTINUED 
MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
250 .8282 .8346 .8464 .8341 .8462 • 8444 .8364 • 8488 
251 .8273 .8336 .8455 .8331 • 8452 • 8435 .8356 .8480 
252 .8265 .8326 .8445 .8322 .8442 .8427 .8347 .8473 
253 .8256 .8316 .8436 .8312 .8433 .8418 .8339 .8465 
254 .8248 .8306 .8426 .8302 .8423 .8410 .8331 .8458 
255 .8240 .8296 .8416 .8292 .8413 .8401 .8322 .8450 
256 .8231 .8286 .8407 .8282 • 8404 .8393 .8314 • 8442 
257 *8223 .8276 .8397 .8273 .8394 .8384 .8306 • 8435 
258 .8215 .8 266 .8387 .8263 .8385 .8376 .8298 .8427 
259 .8206 .8256 .8378 .8253 .8375 .8367 .8289 .8419 
260 .8198 .8245 .8368 .8243 .8365 .8359 .8281 • 8412 
261 .8190 .8235 .8358 .8233 .8356 .8350 • 8273 • 8404 
262 .8181 .8225 .8349 .8224 .8346 .8341 .8265 .8397 
263 .8173 .8215 .8339 .8214 .8337 .8333 .8257 .8389 
264 • 8165 .8205 .8330 .8204 .8327 • 8324 .8248 • 8381 
265 .8157 .8195 .8320 • 8194 *8317 .8316 .8240 • 8373 
266 .8148 .8185 .8310 • 8184 .8308 .8307 .8 232 .8366 
267 .8140 .8175 .8301 • 8174 • 8298 .8299 .8224 .8358 
268 .8132 .8164 .8291 • 8164 .8289 .8290 .8216 .8350 
269 .8123 • 8154 .8282 • 8155 .8279 .82 82 .8207 .8343 
270 .8115 .8144 .8272 .8145 .8270 .8273 .8199 .8335 
271 -8107 .8134 .8263 .8135 .8260 .8264 .8191 • 8327 
272 .8098 • 8124 .8253 .8125 • 8251 .8256 .8183 .8319 
273 .8090 .8114 .8244 .8115 • 8241 • 8247 .8175 .8312 
274 .8082 .8103 .8234 .8105 • 8232 .8239 .8167 .8304 
275 .8074 .8093 .8224 .8095 .8222 • 8230 .8158 .8296 
276 .8065 .8083 #8215 .8085 • 8213 • 8221 .8150 .8288 
277 .8057 .8073 .8205 .8075 • 8203 • 8213 .8142 .8280 
278 .8049 .8063 • 8196 .8065 • 8194 .8204 • 8134 .8272 
279 .8040 .8052 .8186 .8055 • 8184 .8195 .8126 .8265 
o 
ON 
TABLE 2 1 . DENSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H2Q ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
280 #8032 . 8 0 4 2 . 8 1 7 7 . 8 0 4 5 #8175 . 8 1 8 7 . 8 1 1 8 . 8 2 5 7 
281 . 8 0 2 4 . 8 0 3 2 . 8 1 6 8 . 8 0 3 5 . 8 1 6 5 . 8 1 7 8 . 8 1 1 0 • 8249 
282 . 8 0 1 5 . 8 0 2 2 . 8 1 5 8 . 8 0 2 5 . 8 1 5 6 . 8 1 6 9 . 8 1 0 1 • 8 2 4 1 
283 . 8 0 0 7 . 8 0 1 1 . 8 1 4 9 . 8 0 1 5 . 8 1 4 6 . 8 1 6 1 . 8 0 9 3 . 8 2 3 3 
284 . 7 9 9 9 . 8 0 0 1 . 8 1 3 9 . 8 0 0 5 . 8 1 3 7 . 8 1 5 2 . 8 0 8 5 . 8 2 2 5 
285 . 7 9 9 0 . 7 9 9 1 . 8 1 3 0 . 7 9 9 5 . 8 1 2 8 . 8 1 4 3 . 8 0 7 7 . 8 2 1 7 
286 . 7 9 8 2 . 7 9 8 1 . 8 1 2 0 . 7 9 8 4 . 8 1 1 8 . 8 1 3 4 . 8 0 6 9 . 8 2 0 9 
287 . 7 9 7 4 . 7 9 7 0 . 8 1 1 1 . 7 9 7 4 #8109 . 8 1 2 6 . 8 0 6 1 . 8 2 0 1 
28 8 . 7 9 6 5 . 7 9 6 0 . 8 1 0 2 . 7 9 6 4 . 8 1 0 0 . 8 1 1 7 • 8053 • 8193 
28 9 . 7 9 5 7 6 7 9 5 0 . 8 0 9 2 . 7 9 5 4 • 8090 . 8 1 0 8 . 8 0 4 4 • 8186 
290 . 7 9 4 9 • 793 9 . 8 0 8 3 . 7 9 4 3 . 8 0 8 1 . 8 0 9 9 . 8 0 3 6 . 8 1 7 8 
291 . 7 9 4 0 . 7 9 2 9 . 8 0 7 4 . 7 9 3 3 . 8 0 7 2 . 8 0 9 0 . 8 0 2 8 . 8 1 7 0 
292 . 7 9 3 2 . 7 9 1 9 . 8 0 6 4 . 7 9 2 3 . 8 0 6 2 . 8 0 8 1 • 8020 • 8 1 6 2 
293 . 7 9 2 3 . 7 9 0 8 • 8055 . 7 9 1 2 . 8 0 5 3 . 8 0 7 2 . 8 0 1 2 • 8 1 5 4 
294 . 7 9 1 5 . 7 8 9 8 • 8046 . 7 9 0 2 . 8 044 . 8 0 6 4 • 8004 . 8 1 4 6 
295 #7906 • 7887 . 8 0 3 6 . 7 8 9 2 . 8 0 3 5 . 8 0 5 5 . 7 9 9 6 . 8 1 3 8 
296 . 7 8 9 8 . 7 8 7 7 . 8 0 2 7 . 7 8 8 1 . 8 0 2 5 . 8 0 4 6 . 7 9 8 7 • 8129 
297 . 7 8 9 0 . 7 8 6 6 . 8 0 1 8 . 7 8 7 1 . 8 0 1 6 . 8 0 3 7 . 7 9 7 9 . 8 1 2 1 
298 . 7 8 8 1 . 7 8 5 6 . 8 0 0 9 . 7 8 6 0 • 8007 . 8 0 2 8 . 7 9 7 1 . 8 1 1 3 
299 -r n "T «» 
* t o i 3 
-» O / f 
• t O f D • 8000 . 7850 • 7998 . 8 0 1 9 • f 963 . 8 1 0 5 
300 • 786 4 . 7 8 3 5 . 7 9 9 0 . 7 8 3 9 . 7 9 8 9 . 8 0 1 0 . 7 9 5 5 . 8 0 9 7 
301 . 7 8 5 6 . 7 8 2 5 . 7 9 8 1 . 7 8 2 8 . 7 9 8 0 . 8 0 0 1 . 7 9 4 7 . 8 0 8 9 
302 . 7 8 4 7 . 7 8 1 4 . 7 9 7 2 . 7 8 1 8 • 7970 . 7 9 9 2 . 7 9 3 8 . 8 0 8 1 
303 . 7 8 3 8 #7803 . 7 9 6 3 . 7 8 0 7 . 7 9 6 1 . 7 9 8 3 . 7 9 3 0 . 8 0 7 3 
304 . 7 8 3 0 • 7793 . 7 9 5 4 . 7 796 . 7 9 5 2 . 7 9 7 4 . 7 9 2 2 • 8065 
305 . 7 8 2 1 • 7782 . 7 9 4 5 • 7786 . 7 9 4 3 . 7 9 6 4 . 7 9 1 4 • 8057 
306 . 7 8 1 3 . 7 7 7 2 . 7 9 3 6 . 7 7 7 5 • 7934 • 7955 . 7 9 0 6 • 8048 
307 . 7 8 0 4 . 7 7 6 1 . 7 9 2 7 . 7 7 6 4 . 7 9 2 5 • 7946 . 7 8 9 7 • 8040 
308 . 7 7 9 5 . 7 7 5 0 • 7917 . 7 7 5 3 . 7 9 1 6 . 7 9 3 7 . 7 8 8 9 • 8032 
309 . 7 7 8 7 . 7 7 4 0 . 7 9 0 8 . 7 7 4 2 • 7907 . 7 9 2 8 . 7 8 8 1 • 8 0 2 4 
o 
—3 
TABLE 21. DENSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
310 • 7778 .7729 .7899 .7731 .7898 • 7919 .7872 • 8016 
311 .7769 .7718 • 7890 • 7720 .7889 .7909 .7864 .8007 
312 .7761 .7708 .7881 • 7709 .7880 .7900 .7856 .7999 
313 .7752 .7697 .7873 .7698 .7871 .7891 .7847 .7991 
314 .7743 • 7686 .7864 .7687 .7863 .7881 .7839 ' .7983 
315 .7734 .7675 .7855 .7675 .7854 .7872 .7831 • 7974 
316 .7725 .7665 .7846 • 7664 .7845 .7863 .7822 .7966 
317 .7717 .7654 .7837 .7653 .7836 .7853 .7814 .7958 
318 .7708 .7643 .7828 .7641 .7827 .7844 .7805 • 7949 
319 .7699 .7632 .7819 • 7630 .7819 .7835 .7797 .7941 
320 *769Q .7621 .7811 • 7619 .7810 .7825 .7788 .7933 
321 .7681 .7610 .7802 .7607 .7801 .7816 .7780 .7924 
322 .7672 .7599 .7793 .7595 .7792 .7806 .7771 • 7916 
323 .7663 .7588 • 7784 .7584 .7784 • 7797 • 7763 • 7908 
324 • 765 4 .7577 • 7776 .7572 • 7775 .7787 • 7754 .7899 
325 *7645 .7566 .7767 • 7560 .7767 .7778 • 7745 .7891 
326 *7636 .7555 .7758 .7549 .7758 .7768 .7737 • 7883 
327 .7627 .7544 .7750 .7537 .7749 .7758 .7728 .7874 
328 .7618 .7533 .7741 .7525 .7741 .7749 .7719 .7866 
329 .7608 • 7522 • 7733 .7513 .7732 • 7739 .7711 .7857 
330 .7599 .0000 .7724 .0000 .7724 .7729 .7702 .7849 
331 *"?590 *0000 «7715 eOOOO .7715 .7720 .7693 .7840 
332 .7581 • 0000 «7707 • 0000 • 7707 .7710 .7684 .7832 
333 »7571 .0000 .7698 • 0000 • 7699 .7700 .7675 .7823 
334 .7562 .0000 • 7690 • 0000 .7690 .7690 .7666 .7815 
335 .7553 .0000 *7682 .0000 • 7682 .7680 .7657 .7806 
336 .7543 • 0000 • 7673 • 0000 #7674 .7671 .7648 .7798 
337 .7534 .0000 .7665 • 0000 • 7665 .7661 .7639 .7789 
338 • 0000 .0000 .7657 .0000 .7657 .7651 • 7630 • 7781 
339 .0000 .0000 • 7648 .0000 • 7649 .7641 • 7621 .7772 
b 
oo 
TABLE 21. DENSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
340 • 0000 • oooo • 7640 *0000 .7641 .7631 .7611 .7764 
341 • 0000 *0000 • 7632 • oooo .7633 .7621 .7602 .7755 
342 *0000 • oooo • 7624 • oooo .7624 .7611 .7593 .7747 
343 • oooo .0000 • 7615 • oooo .7616 .7601 .7583 .7738 
344 • 0000 .0000 • 7607 • oooo .7608 .7591 • 7574 .7729 
345 • oooo .0000 • 7599 • oooo .7600 .7581 • 7564 .7721 
346 .0000 • OOOO • 7591 • oooo *7592 .7571 .7555 .7712 
347 .0000 .0 000 .7583 .0000 .7584 .7561 .7545 .7703 
348 *0000 .0000 • 7575 .0000 • 7576 .7551 .7536 .7695 
349 • oooo .0000 .7567 • oooo .7568 • 7540 .7526 .7686 
350 • oooo • oooo .7559 • oooo • 7561 .7530 .7516 .7678 
351 .0000 • oooo .7551 .0000 .7553 .7520 .7506 .7669 
352 .0000 • oooo .7543 • oooo .7545 .7510 .7496 .7660 
35 3 • 0000 • oooo • OOOO .0000 .0000 .7499 .7486 • 7651 
354 • oooo • oooo • OOOO .0000 .0000 .7489 .7476 .7643 
355 • oooo .0000 • OOOO .0000 .0000 .7479 . 7466 .7634 
356 ,0000 • oooo • OOOO .0000 • oooo .7469 .7456 .7625 
357 .0000 .0000 • OOOO .0000 .0000 .7458 .7445 .7617 
358 • oooo .0000 .0000 .0000 • oooo • 7448 .7435 .7608 
359 «*% r\ f\ !•> • Kj V \J U • U U U V 
/S *\ f\ #\ 
* UU'JO . oooo • oooo .7437 • 7424 .7 599 
360 • OOOO • oooo • OOOO • oooo • oooo .7427 .7414 .7590 
361 *0000 • oooo .0000 • oooo • 0000 .7417 *7403 .7582 
362 • oooo .0000 • oooo .0000 • oooo .7406 .7393 .7573 
363 .0000 .0000 • oooo • oooo • oooo • 7396 .7382 .7564 
364 • oooo .0000 .0000 • oooo *oooo .7385 .7371 .7555 
365 • oooo .0000 • oooo • oooo • oooo • 7374 .7360 • 7547 
366 • oooo .0000 • oooo • oooo • oooo • 7364 .7349 .7538 
367 .0000 • oooo • oooo • oooo .0000 • 7353 • 7338 .7529 
368 • oooo • oooo .0000 *0000 • oooo .7343 .7326 .7520 
369 • oooo • oooo .0000 • oooo • oooo #7332 .7315 .7511 
TABLE 21. DENSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
370 .0000 .ocoo .0000 .0000 • 0000 .7321 .7304 .7503 
371 .0000 #0000 .0000 .0000 .0000 .7311 .7292 .7494 
372 .0000 .0000 .0000 .0000 .0000 .7300 .7281 • 7485 
373 .0000 .0000 »0000 .0000 .0000 .7289 .7269 .7476 
374 .0000 .0000 .0000 • 0000 .0000 .7279 .7257 .7467 
375 .0000 .0000 .0000 .0000 • oooo .7268 .7245 .7458 
376 .0000 *0QO0 .0000 .0000 .0000 .0000 .7233 .7449 
377 *0000 .0000 .0000 .0000 .0000 • 0000 .7221 .7441 
378 .0000 .0000 .0000 • 0000 .0000 .0000 .7208 .7432 
379 .0000 .0000 .00 00 .0000 .0000 .0000 .7196 .7423 






VISCOSITY DATA FOR SYSTEMS; STUDIED 
TABLE 22. VISCOSITY DATA FOR SYSTEMS STUDIED (CENTIPOISES> 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MO 
190 5.8992 1.6613 2.9487 1.6246 2« • 8456 .0000 6.9712 • 0000 
191 5.7588 1.6291 2.8670 1.5913 2, ,7643 .0000 6.8745 • 0000 
192 5.6198 1.5973 2.7877 1.5586 2, .6858 .0000 6.7629 • 0000 
193 5.4823 1.5660 2.7109 1.5266 2, .6099 .0000 6.6391 ,0000 
194 5*3466 1.5352 2.6364 1.4953 2< ,5367' .0000 6.5047 • 0000 
195 5.2127 1.5050 2.5642 1.4647 2< • 4660 .0000 6.3618 < • 0000 
196 5.C809 1.4752 2.4943 1.4348 2< • 3978 3.9090 6.2119 • 0000 
197 4.9513 1.4460 2.4266 1*4055 2, ,3319 3.8579 6.0565 • 0000 
198 4.8240 1.4173 2.3611 1.3769 2< • 2682 3.7998 5.8970 • 0000 
199 4.6991 1*3892 2*2976 1.3489 2, • 2068 3.7356 5.7348 .0000 
200 "-•5767 1 * 3 6 j. 6 2.2361 1.3216 2< • 1474 3.6665 5.5709 • 0000 
201 4,4568 1.3 346 2.1765 1*2949 2, .0900 3.5930 5.4063 .0000 
202 4.3395 1.3081 2.1189 1.2688 2« ,0346 3.5163 5.2421 • 0000 
203 4*2249 1.2821 2.0632 1.2434 1, • 9811 3.4366 5.0789 • 0000 
204 4.1128 1.2567 2.0092 1.2185 1< • 9294 3.3552 4.9174 • 0000 
205 4.0034 1.2319 1.9569 1.1943 1. • 8795 3.2722 4.7582 • 0000 
206 3.8967 1.2075 1.9063 1.1706 1, • 8312 3.1884 4.6018 • 0000 
207 3.7927 1*1837 1.8574 1.1475 1, • 7846 3.1042 4.4485 • 0000 
208 3.6913 1.1605 1.8100 1.1250 1, • 7395 3.0201 4.2989 • 0000 
trie* 3.5926 1.1377 X • 1 OH i J. . i U ^ U 1 « • 6959 2.9365 4.1530 < • 0000 
210 3.4964 1.1155 1.7198 1.0815 1, • 6538 2.8535 4.0112 • 0000 
211 3.4029 1.0 93 7 1.6768 1.0606 7, ,6130 2.7716 3.8 734 i • 0000 
212 3,3119 1.0725 1.6352 1.0402 1* • 5736 2.6910 3.7399 • 0000 
213 3.2234 1.0517 1.5950 1*0202 1. • 5355 2.6119 3.6107 • 0000 
214 3.1374 1.0315 1.5560 1.0008 1, • 4987 2.5344 3.4859 .0000 
215 3.0538 1»0H7 1.5183 .9819 1, • 4630 2*4588 3.3655 • 0000 
216 2.9726 .9924 1.4818 .9634 1, • 4286 2*3850 3.2494 < .0000 
217 2.8937 .9735 1.4464 .9453 1, • 3952 2.3132 3.1375 « • 0000 
218 2.8172 .9551 1.4122 .9278 1< • 3629 2.2434 3.0299 kOOOO 




TABLE 22. VISCOSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBIOMOH MAK-MOH 
220 2.6708 .9195 1.3469 .8939 1.3013 2.1100 2.8 269 .0000 
221 2.6008 .9024 1.3158 • 8775 1.2720 2.0465 2.7314 .0000 
222 2*5329 »8856 1*2857 .8616 1.2436 1.9850 2.6397 • 0000 
223 2.4670 .8693 1.2565 .8461 1.2161 1.9257 2.5517 .0000 
224 2.4031 .8534 1.2282 .8310 1.1895 1.8684 2.4674 .0000 
225 2.3412 .8378 1.2008 .8162 1.1637 1.8132 2.3865 .0000 
226 2.2811 *3227 1.1743 *8018 1.1387 1.7599 2.3090 .0000 
227 2.2228 .8079 1.1485 .7 877 1.1144 1.7086 2.2347 .0000 
228 2.1664 .7934 1.1236 .7740 1.0910 1.6592 2.1635 .0000 
229 2*1116 .7793 1.0994 .7606 1.0682 1.6117 2.0954 .0000 
230 2.0585 .7656 1,0760 .7476 1.0461 1.5659 2.0301 .0000 
231 2.0071 • 7521 1.0533 .7348 1.0247 1.5219 1.9675 .0000 
232 1.9572 .7390 1.0312 .7224 1.0039 1.4796 1.9076 .0000 
233 1.908 8 .7263 1.0098 .7103 .9837 1.4389 1.8503 • 0000 
234 1.8620 .7138 .9891 .6984 .9642 1.3998 1.7953 .0000 
235 1.8166 .7016 .9690 .6869 .9452 1.3623 1.7427 .0000 
236 1*7725 *6897 .9495 .6756 *976fl 1#3262 1-6923 -oooo 
237 1.7298 »6781 .9305 .6646 .9089 1.2915 1.6440 .0000 
238 1.6884 . 666 8 .9121 .6539 .8915 1.2582 1.5977 .0000 
239 1.6483 .6558 .8943 .6434 .8746 1.2262 1.5534 • 0000 
240 1.6094 .6450 .8770 .6332 .8583 1.1954 1.5109 • 0000 
241 1*5717 ,6345 s8601 .6232 • 8423 1.1658 1*4702 .0000 
242 1«5352 .6242 .8438 .6134 . .8269 1.1374 1.4311 .0000 
243 1.4997 .6142 .8279 .6039 .8119 1.1101 1.3937 .0000 
244 1.465 4 .6044 .8125 .5946 .7973 1.0839 1.3577 .0000 
245 1.4320 .5949 .7976 .5855 • 7831 1.0587 1.3233 .0000 
246 1.3997 • 5855 .7830 .5 766 .7693 1.0344 1.2902 2.1719 
247 1.3684 .5764 .7689 .5679 .7558 1.0111 1.2585 2.0992 
248 1.3380 .5675 • 7551 .5595 .7428 .9887 1.2280 2.0310 




TABLE 22. VISCOSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEtt-MOH MPK-MOH MIBK-MOH MAK-MOH 
250 1.2799 .5504 • 7288 • 5431 • 7177 .9464 1.1706 1.9064 
251 1.2521 .5421 .7162 .5352 .7057 .9265 1.1436 1.8494 
252 1.225 2 .5340 .7039 .5275 .6940 .9073 1.1177 1.7956 
253 1.1991 .5261 .6920 .5199 .6826 .8888 1.0927 1.7448 
254 1.1737 .5184 .6803 .5125 • *716 .8710 1.0687 1.6966 
255 1.1491 .5108 .6690 •5053 • .6608 .8538 1.0456 1.6510 
256 1.1252 • 5035 • 6580 • 4983 .6503 .8373 1.0234 1.6078 
257 1.1020 • 4963 .6473 • 4914 .6400 .8214 1.0021 1.5667 
258 1.079 5 .4892 .6369 .4846 .6301 .8060 .9815 1.5276 
259 1*0577 .4823 .6268 • 4781 • 6204 .7912 .9616 1.4904 
260 1.0364 • 4756 .6169 .4716 .6109 .7769 • 9425 1.4550 
261 1.0158 .4691 .6073 .4653 .6017 .7632 .9241 1.4211 
262 .9958 .4626 • 597<? • 4591 • 5927 .7499 .9064 1.3888 
263 * 9764 .4564 .5888 .4531 • 5839 .7370 .8892 1.3580 
264 .9575 .4502 .5799 .4472 .5754 .7246 .8727 1.3285 
265 • 9391 .4442 .5713 .4414 .5671 .7127 .8568 1.3002 
266 .9213 .4384 .5628 .4358 .5590 .7011 .8414 1.2731 
267 .9039 .4326 .5 546 .4302 .5510 .6899 .8265 1.2471 
268 .8871 .4270 .5466 .4248 .5433 .6791 .8121 1.2221 
o c r, 
£ 0 7 
I"I -f <«% -» 
. O t IJ i .4215 .5388 • 4195 • 5358 • 6686 • 7982 1.1981 
270 .8548 .4162 .5312 .4144 • 5284 .6585 • 7848 1.1750 
27! *8393 .4109 .5238 • 4093 • 5213 • 6487 .7718 1.1527 
272 .8242 .405 8 .5166 • 4043 .5142 .6392 .7592 1.1313 
273 .8096 .4007 .5095 .3994 .5074 .6300 .7471 1.1107 
274 .7954 .3958 .5026 .3947 .5007 • 6210 .7353 1.0907 
275 .7815 .3910 .4959 .3900 • 4942 .6124 .7239 1.0715 
276 .7680 .3863 .4893 .3854 • 4879 .6040 .7129 1.0529 
277 .7549 .3817 .4830 .3810 .4816 .5958 .7021 1.0349 
278 .7422 .3772 .4767 .3766 .4756 .5879 .6918 1.0175 
279 .7297 .3728 .4706 .3723 .4696 .5802 .6817 1.0006 
H 
-£-
TABLE 22. VISCOSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
280 .7177 .3684 .4647 .3681 .4638 .5728 .6719 .9843 
281 .7059 .3642 .4589 .3639 .4582 .5655 .6624 .9684 
282 .6944 .3601 .4532 .3599 .45 26 .5585 .6532 .9531 
283 .6833 .3560 .4477 .3559 .4472 .5516 .6442 .9382 
28 4 .6724 .3520 .4423 .3520 #4419 #5449 .6355 .9236 
285 .6618 .3481 .4370 *3482 .4368 .5384 .6270 .9096 
286 #6515 .3443 .4318 .3445 .4317 .5320 .6188 • 8958 
287 .6415 .3406 .4268 .3408 #4268 .5259 .6108 .8825 
288 .6317 .3 369 .4219 .3372 • 4219 .5198 .6030 .8695 
289 #6221 .3333 .4171 .3337 .4172 .5139 .5954 .8569 
290 * 6 1 2 8 • 3298 .4124 .3303 .4126 .5082 .5880 .8446 
291 *6G38 .3264 .4076 .3269 .4080 .5026 .5808 .8326 
292 .5950 .3230 .4033 .3236 .4036 .4971 .5737 .8208 
293 .5863 .3197 .3989 .3203 .3993 .4917 .5669 .8094 
294 #5780 .3165 .3946 .3171 .3950 .4865 .5602 .7983 
295 .5698 .3133 .3904 .3140 .3909 .4814 .5537 .7874 
296 #5618 .3102 .3863 .3109 .3868 .4764 .5473 .7767 
297 .5540 .3071 .3823 .3079 .3828 • 4714 .5410 .7663 
298 .5464 .3041 .3784 .3049 #3789 • 4666 .5350 .7561 
299 ft -J 0 y u • 3012 * 3745 • 3020 • 3751 .4619 .5290 .7462 
300 • 5318 .2983 .3 708 .2992 .3714 .4573 .5232 .7364 
301 *5?47 .2955 .3671 #2964 . 3677 #45 27 .5175 #7269 
302 .5178 .2927 .3635 .2936 #3641 .4483 .5119 .7176 
303 * 5111 .2900 .3600 .2909 • 3606 .4439 .5064 .7085 
304 .5046 .2874 .3565 .2883 • 3572 .4396 .5011 .6995 
305 .4982 .2847 .3532 • 2856 .3538 .4353 .4958 .6907 
306 .4919 .2822 .3499 .2831 • 3505 • 4312 .4907 .6821 
307 .485 8 .2797 .3466 .2806 .3473 • 4271 .4856 .6737 
308 .4798 .2772 .3435 .2781 .3441 • 4230 .4807 .6654 
309 #4740 • 2748 .3404 .2757 • 3410 • 4190 .4758 .6573 
H 
vn 
TABLE 2 2 . VISCOSITY DATA CONTINUED 
MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
310 . 4 6 8 3 . 2 7 2 4 • 3374 . 2 7 3 3 . 3 3 7 9 . 4 1 5 1 . 4 7 1 0 . 6 4 9 4 
311 . 4 6 2 8 . 2 7 0 1 . 3 3 4 4 . 2 7 1 0 . 3 3 5 0 . 4 1 1 3 . 4 6 6 3 . 6 4 1 6 
312 . 4 5 7 3 . 2 6 7 8 . 3 3 1 5 . 2 6 8 7 . 3 3 2 0 . 4 0 7 5 . 4 6 1 7 . 6 3 3 9 
313 . 4 5 2 0 . 2 6 5 5 . 3 2 8 6 . 2 6 6 4 . 3 2 9 1 . 4 0 3 7 . 4 5 7 2 . 6 2 6 4 
314 . 4 4 6 9 . 2 6 3 3 . 3 2 5 8 . 2 6 4 2 . 3 2 6 3 . 4 0 0 0 . 4 5 2 7 . 6 1 9 0 
315 . 4 4 1 8 . 2 6 1 2 . 3 2 3 1 . 2 6 2 0 . 3 2 3 6 . 3 9 6 3 . 4 4 8 3 . 6 1 1 8 
316 • 4369 . 2 5 9 0 . 3 2 0 4 . 2 5 9 9 . 3 2 0 9 . 3 9 2 7 . 4 4 4 0 . 6 0 4 7 
317 . 4 3 2 0 . 2 5 6 9 . 3 1 7 8 . 2 5 7 8 . 3 1 8 2 . 3 8 9 1 . 4 3 9 8 . 5 9 7 7 
318 #4273 . 2 5 4 9 * 3 1 5 2 . 2 5 5 7 . 3 1 5 6 . 3 8 5 6 . 4 3 5 6 . 5 9 0 8 
319 • 4227 . 2 5 2 9 . 3 1 2 7 . 2 5 3 7 . 3 1 3 0 . 3 8 2 1 . 4 3 1 5 . 5 8 4 0 
32 0 . 4 1 8 2 . 2 5 0 9 . 3 1 0 3 . 2 5 1 7 . 3 1 0 5 . 3 7 8 6 . 4 2 7 4 . 5 7 7 4 
321 . 4 1 3 7 . 2 4 9 0 . 3 0 7 8 . 2 4 9 7 . 3 0 8 0 . 3 7 5 2 . 4 2 3 4 . 5 7 0 9 
322 • 4 0 9 4 . 2 4 7 0 . 3 0 5 5 . 2 4 7 8 . 3 0 5 6 . 3 7 1 8 . 4 1 9 4 . 5 6 4 4 
32 3 . 4 0 5 2 . 2 4 5 2 . 3 0 3 1 . 2 4 5 9 . 3 0 3 3 . 3 6 8 4 . 4 1 5 6 . 5 5 8 1 
324 . 4 0 1 1 . 2 4 3 3 . 3 0 0 9 . 2 4 4 0 . 3 0 0 9 . 3 6 5 1 . 4 1 1 7 . 5 5 1 9 
325 . 3 9 7 0 . 2 4 1 5 . 2 9 8 6 . 2 4 2 2 . 2 9 8 6 . 3 6 1 8 . 4 0 7 9 . 5 4 5 8 
326 . 3 9 3 1 . 2 3 9 8 . 2 9 6 4 . 2 4 0 4 . 2 9 6 4 . 3 5 8 5 . 4 0 4 2 . 5 3 9 8 
327 . 3 8 9 2 . 2 3 8 0 . 2 9 4 3 . 2 3 8 6 . 2 9 4 2 . 3 5 5 3 . 4 0 0 4 . 5 3 3 9 
328 . 3 8 5 4 . 2 3 6 3 . 2 9 2 2 . 2 3 6 8 . 2 9 2 0 . 3 5 2 1 . 3 9 6 8 . 5 2 8 1 
329 n rv i -» . 3CS L 1 . 2346 . 2901 . 2 3 5 1 • 2 899 • 3489 . 3 9 32 . 5 2 2 4 
330 . 3 7 8 1 . 0 0 0 0 . 2 8 8 1 . 0 0 0 0 . 2 8 7 8 . 3 4 5 7 . 3 8 9 6 . 5 1 6 7 
331 • 3 7 4 5 #0000 . 2 8 6 1 . 0 0 0 0 . 2 8 5 8 . 3 4 2 6 . 3 8 6 1 . 5 1 1 2 
332 . 3 7 1 1 . 0 0 0 0 . 2 8 4 2 . 0 0 0 0 . 2 8 3 7 . 3 3 9 4 . 3 8 2 6 . 5 0 5 8 
333 . 3 6 7 7 . 0 0 0 0 . 2 8 2 3 . 0 0 0 0 . 2 8 1 8 . 3 3 6 3 . 3 7 9 1 . 5 0 0 4 
334 . 3 6 4 3 . 0 0 0 0 . 2 8 0 4 . 9 0 0 0 . 2 7 9 8 . 3 3 3 3 . 3 7 5 7 • 4 9 5 1 
335 . 3 6 1 1 . 0 0 0 0 . 2 7 8 5 . 0 0 0 0 . 2 7 7 9 . 3 3 0 2 . 3 7 2 3 • 4899 
336 . 3 5 7 9 . 0 0 0 0 . 2 7 6 7 . 0 0 0 0 . 2 7 6 1 . 3 2 7 2 »3689 • 4848 
337 . 3 5 4 8 . 0 0 0 0 . 2 7 5 0 . 0 0 0 0 • 2742 . 3 2 4 1 . 3 6 5 6 • 4798 
338 . 0 0 0 0 . 0 0 0 0 . 2 7 3 2 . 0 0 0 0 • 2 7 2 4 . 3 2 1 1 . 3 6 2 3 . 4 7 4 8 
339 . 0 0 0 0 . 0 0 0 0 . 2 7 1 5 . 0 0 0 0 . 2 7 0 6 . 3 1 8 1 . 3 5 9 0 . 4 6 9 9 
TABLE 22. VISCOSITY DATA CONTINUED 
T MOH-H20 ATN-H20 MEK-H20 ATN-MOH MEK-MOH MPK-MOH MIBK-MOH MAK-MOH 
340 .0000 .0000 .2699 .0000 .2689 .3152 .3558 .4651 
341 • 0000 .0000 .2682 .0000 .2672 .3122 .3526 .4604 
342 .0000 .0000 .2666 .0000 .2655 • 3092 .3494 .4557 
343 .0000 .0000 .2650 .0000 .2638 .3063 .3463 .4511 
344 .0000 .0000 .2635 .0000 .2622 .3034 .3431 .4466 
345 .0000 .0000 .2620 .0000 .2606 .3005 .3400 .4421 
346 .0000 .0000 .2605 • 0000 .2590 .2976 .3370 .4377 
347 • 0000 .0000 .2590 .0000 .2575 .2947 .3339 .4334 
348 .0000 .0000 .2576 .0000 .2559 .2919 .3309 .4291 
349 • 0000 .0000 .2562 .0000 .2544 .2890 .3279 .4249 
3J\J • 0000 eOOOO • 2548 .0000 .2530 .2862 .3249 .4208 
351 .0000 • 0000 .2534 .0000 .2515 • 2834 .3219 • 4167 
352 .0000 .0000 .2521 .0000 .2501 .2806 .3190 • 4127 
353 .0000 .0000 .0000 .0000 .0000 .2778 .3161 • 4087 
354 .0000 .0000 .0000 .0000 • 0000 .2750 .3132 .4048 
355 .0000 .0000 .0000 .0000 .0000 .2722 .3103 .4010 
356 .0000 .0000 .0000 .0000 .0000 .2694 .3074 .3972 
35 7 .0000 .0000 .0000 • 0000 .0000 .2667 .3046 .3935 
358 .0000 .0000 .0000 .0000 .0000 .2639 .3017 .3898 
-a so • uvuu .0000 .0000 .0000 • 0000 • 2612 .2989 .3862 
360 .0000 .0000 .0000 .0000 • oooo .2585 .2961 .3826 
361 .0000 .0000 .0000 .0000 .0000 .2558 .2934 .3791 
362 .0000 .0000 .0000 .0000 • 0000 .2531 .2906 .3756 
363 .0000 .0000 .0000 .0000 • oooo .2504 .2878 .3722 
364 .0000 .0000 • 0000 .0000 • oooo .2477 .2851 .3688 
365 .OOOQ .0000 .0000 .0000 • oooo .2451 .2824 .3655 
366 .0000 .0000 .0000 • 0000 • oooo • 2424 .2797 .3623 
367 .0000 .0000 .0000 • 0000 • oooo .2398 .2 770 .3590 
368 .0000 .0000 .0000 • 0000 • oooo .2371 .2 744 .3559 
369 .0000 .0000 .0000 .0000 • 0000 .2345 .2717 .3527 
-<1 
TABLE 22. VISCOSITY DATA CONTINUED 
T MOH-H20 ATN-H20 
370 .0000 .0000 
371 .0000 .0000 
372 .0000 • 0000 
373 .0000 .0000 
374 .0000 .0000 
375 .0000 .0000 
376 .0000 .0000 
377 .0000 .0000 
378 .0000 .0000 
379 .0000 .0000 














































































VALUES OF THE GROUP D[i/T FOR VARIOUS SYSTEMS 
AS A FUNCTION OF TEMPERATURE 
Table 23* Values of the Group Dp/T for Various Systems 
as a Function of Temperature 
Part A - Self-diffusion Systems 
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Material T°K, D X 105 cm2/sec D|j./T X 10 10 Ref, 
Water 273 l.l 
it 301 2.5 
n 288 1.90 
it 298 2.43 
n 308 2.98 
it 318 3.60 
tt 288 1.62 
it 298 2.04 
n 308 2.73 
tt 318 3-3^ 
tt 
273 1.00 
tt 278 1.29 
tt 291 1.77 
tt 298 2.12 
» 308 2.76 
ii 318 3.52 
tt 328 ^•39 
it 274 1.13 
it 298 2.26 
tt 287 1.94 
ti 298 2.64 
n 308 3.88 
it 318 ^.75 
tt 283 1.57 
tt 291 2.06 
tt 298 2.3^ 
tt 318 3.87 
tt 328 4.95 
tt 298 2.48 
tt 298 2.35 
it 298 2.64 
7.20 ( 2) 
6.95 ( 2) 
7.51 ( 2) 
7.24 ( 2) 
6.99 ( 2) 
6.80 C 2) 
5.85 C 2) 
6.12 ! 2) 
6.39 t 2) 
6.30 I 2) 
6.55 [ 2 ) 
6.96 [ 2 ) 
6.75 v 2) 
6.36 ( ' 2) 
6.46 ( ' 2) 
6.64 ( ' 2) 
6.76 [ 2 ) 
7.1^ ( [ 2 ) 
6.77 > 2) 
7.83 [ 2) 
7.91 ( I 2 ) 
9-10 ( > 2) 
9.03 ( [ 2 ) 
7-27 ( 2) 
7.50 ( 2) 
7.04 ( 2) 
7.30 ( 2) 
7.63 ( 2) 
7.44 ( 38) 
7.05 ( 38) 
7-95 ( 2) 
121 
Tahle 23. Values of the Group D|~i/T for Various Systems 
as a Function of Temperature 
(Part A - Continued) 

































Water 278 1.39 
?» 288 1.83 
» 298 2.44 
It 308 3-04 
tt 318 3.83 
n 298 2.09 
ti 318 3.20 
11 274 1.44 
?i 278 1.55 
it 283 1.90 
11 298 2.66 
it 308 3.49 
it 318 4.38 
it 328 5.35 
Benzene 288 1.88 
it 298 2.15 
it 308 2.40 
it 318 2.67 
it 298 2.18 
n-Butanol 298 .504 
it 308 .649 
it 318 .822 
t-Butanol 308 .497 
11 318 .744 
it 328 1.070 
Ethanol 288 0.80 
ti 298 1.05 
it 308 1.31 
11 318 1.70 
Ethanol 288 0.768 
ti 298 1.01 
it 308 1.30 
Ethanol 2Q8 1.02 3.10 ( 2) 
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Table 23. Values of the Group tyi/T for Various Systems 
as a Function of Temperature 
(Part A - Continued) 
Material T° K. D X 10 5 cm2/sec D|j./T X 10 10 Ref. 
Methanol 288 1.93 
11 298 2.27 
11 308 2.65 
Methanol 298 2.36 
Ethyl Bromide 288 3.60 
it 296 3.80 
it 303 3.96 
i-Propanol 288 .474 
11 298 .649 
tr 308 .867 
ir 318 1.145 
n-Propanol 288 .504 
IT 298 .646 
It 308 .814 
II 318 l. 017 
Carbon tetra-
chloride 298 l.4l 
M 308 1.75 
It 318 1.99 
Carbon tetra-
chloride 298 1.30 
11 313 1.78 
it 323 2.00 
it 333 2.44 
Benzene 280 1.42 
i» 288 1.70 
11 298 2.21 
19 308 2.51 
18 318 2.81 
II 328 3.56 
II 338 4.07 
Ethanol 280 .618 
11 288 .810 
11 298 1.02 
ti 308 1.28 
it 318 1.65 
it 328 2.06 
n 338 2.6l 
4.22 ( 2) 
4.,18 ( 2) 
4.15 ( 2) 
4.34 ( 2) 
5.23 ( 2) 
4.93 ( 2) 
4.69 C 2) 
4.15 C 2) 
4.24 C 2) 
4.4o C 2) 
4.30 [ 2) 
4.40 [ 2 ) 
4.24 [ 2 ) 
4.08 [ 2 ) 
4.00 [ 2 ) 
4.25 [ 2 ) 
4.47 [ 2 ) 








4.33 ( !37) 
4.16 ( !37) 
4.57 ( [31) 
4-57 ( 37) 
3-42 ( 37) 
3.72 ( 37) 
3-70 ( 37) 
3.80 ( 37) 
3.87 ( 37) 
4.08 ( 37) 
4.24 ( 37) 
Table 23. Values of the Group Dp/T for Various Systems 
as a Function of Temperature 
(Part A - Concluded) 
-I p.;, 
Material T° K. D X 105 cm2/sec Ilt/T X 10 10 Ref. 








m-Pentane 298 5.62 
n-Hexane 298 4.21 
n-Heptane 298 3-12 
tt 273 2.08 
n-Octane 298 2.00 
n-Nonane 298 1.70 
n-Decane 298 1.31 
n-Octadecane 323 0.46 
U-C32H66 373 0.30 
2-Methyl "butane 298 5.30 
2,2-Dimethyl 
propane 298 4.86 
2-Methyl pentane 298 3.98 
3-Methyl pentane 298 3.61 
2,2-Dimethyl 
butane 298 3.41 
2^3-Dimethyl 
butane 298 3.50 
Nitromethane 298 2.11 
Acetone 298 4.77 




























Table 23. Values of the Group fyi/T for Various Systems 
as a Function of Temperature 
Part B - Binary Diffusion Systems 
Solute Solvent T° K. 
D x 105 
cm2/sec 
Du/T X 1010 Ref. 
N-C5H12 Carbon tetra-
chloride 323 3.05 6.07 139) 
N~CiOH?2 
it 323 1.90 3.84 (39) 
N-C18H38 
M 
323 I..I6 2.22 139) 
N"C28H58 
11 323 0.75 1.51 (39) 
N-C35HT2 
It 
323 0.70 i.4o (39) 
Benzoic Acid Carbon tetra-
chlori de 288 O.78 2.82 ;4o) 
n it 298 0.91 2.76 ;4o) 
it it 
31^ 1.17 2.74 ;4o) 
n Benzene 288 1.17 2.83 ;4o) 
11 11 298 I..38 2.79 ;4o) 
ft 11 
313 1.T6 2.78 ;4o) 
n Toluene 289 1.29 2.76 ;4o) 
n n 298 1.49 2.77 ;4o) 
M «i 
313 1.85 2.78 ;4o) 
it Acetone 286 2.37 2.82 ;4o) 
it 11 298 2.62 2.75 [ko) 
11 ti 
313 3.05 2.73 ;4o) 
ti Ethylene Glycol 298 0.043 2.49 ( '4ô  
19 tt 
323 C.18 3.77 ( ;4o) 
Acetic Acid Carbon tetra-
chlori de 280 1.15 4.94 ( 4o) 
91 it 288 1.27 ^.63 ( 40) 
II ti 298 1.49 ^•53 ( 4o) 
tl tt 
313 1.78 4.15 ( M) 
II Benzene 279 1.58 4.62 ( [ko) 
It 11 298 2.09 4.22 t 4o) 
II Toluene 280 1.66 4.16 { 4o) 
II it ' 288 1.90 4.10 ( 4o) 
It it 298 2.26 4.19 ( 4o) 
Table 23. Values of the Group Du/T for Va <rious Systems 
as a Function of Temperature 
(Part B - Continued) 
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Solute Solvent T° K. 
D X 105 
cm2/sec 










































































































































































































































































































































































Table 23« Values of the Group Dj-i/T for Various Systems 
as a Function of Temperature 
(Part B - Continued) 
Solute Solvent T° K. 
D X 10° 
cm /sec 


































































































































































Table 23. Values of the Group Dp./T for Various Systems 
as a Function of Temperature 
(Part B - Continued) 
Solute Solvent T° K. D X 10° 
cm. /sec 
DM./T X 10 10 Ref. 


































































































Table 23. Values of the Group tyi/T for Various Systems 
as a Function of Temperature 
("Part B - Concluded) 
S o l u t e S o l v e n t T° K. 
D X 1 0 5 
c m 2 / s e c 
Du/T X 1 0 1 0 
4 . 1 1 
Ref. 
Me thano l MiBK 195 0.126 T h i s 
work 
?> 1! 
233 O.559 4.42 
i t 
i t II 
253 0,930 4.02 
11 
11 II 
273 1.38 3.78 
11 
it ?1 
293 1.97 3^82 
11 
» II 323 3.09 3.98 11 
tf II 
353 4,09 3.66 11 
i i 11 368 5 • 40 4.02 11 
Methano l MTJAK 253 O.819 5.65 IT 
n II 273 1.15 4.68 
11 
II i i 293 1.93 5.32 
IT 
17 n 323 3.38 5.73 
IT 
If i i 368 6.18 5.96 
II 
W a t e r Water- 298 2.35 7.05 
It 
Methano l Wate r 288 1.33 5.27 
IT 
Water Me thano l 195 0.137 3.66 71 
l» II 233 0.495 4.06 IT 
If ?t 
253 O.829 3.89 71 
If it 273 1.37 4.0.7 IT 
It i i 293 1.79 3.59 
It 
It t! 323 2 .73 3«42 11 
Water Ace tone 195 0.62 ^•79 
11 
it II 
233 1-34 4.18 IT 
IT II 
253 2.15 4.48 It 
II ii 
273 2 .98 4 .45 IT 
It i i 
293 3.87 4.23 11 
II n 323 5.58 4.23 11 
Water MEK 195 0.260 3.43 II 
i> n 233 0.977 4 .21 It 
II II 253 1.47 4.02 Jl 
II II 273 2.15 4 .01 IT 
II II 293 2.89 3.94 II 




SAMPLE CALCULATION OF THE DIFFUSION COEFFICIENT 
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APPENDIX VI 
SAMPLE CALCULATION OF THE DIFFUSION COEFFICIENT 
The mathematical model for the tracer concentration of the stirred 
bath developed in Chapter II stated that if the logarithm of 
(1 - CBt/cBJ (5.1) 
is plotted versus time, a straight line of slope -DK,-, should result. 
Table 2k shows the data taken from runs M 25 and M 26 in order to deter-
mine the diffusion coefficient of water in methanol at 293 K. Figure 22 
presents the same data in graphical form. 
In order to determine the slope, a graph of the data was pre-
pared for each run as a check for any data points which were obviously 
erroneous. The time and (l - CT,,/C_. ) data points were then used as 
Bt' Boo * 
input for a computer program which computed the slope between all data 
points not adjacent and which found the best value for the slope by a 
least squares curve fitting method. 
Table 25 shows the computed data for runs M 25 and M 26. As the 
difference between the values for the slopes was less than 10 percent, 
the criteria for acceptance was met and the slope was determined to be 
-4.88 x 10~2/minute. 
This slope was divided by the frit calibration constant, 2.68 X 103, 
and diffusion coefficient of 1.82 X 10"b cm2/sec was determined for tri-
tiated water in methanol at 293 K. 
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Table 24. Data from Runs M 25 and M 26 
Run # Time (min) Ct (cpm) c./c (1 - c./c ) 
x -jy oo' 
M 25 3-25 24701 0.4705 0.5295 
4.0 27748 0.5276 0.4724 
6.0 33204 0.6324 0.3676 
7.0 35051 0.6667 0.3333 
10.0 39083 0.7447 0.255.3 
11.0 42124 0.8019 0.1981 
i4.o 44929 0.8553 0.1447 










M 26 4.0 2957'8 0.4958 0.504? 
5.0 35269 0.5932 0.4068 
7.0 40002 0.6732 0.3277 
10.0 46437 0.7798 0.2207 
11.0 47521 0,7983 0.2017 
13.0 49092 0.8252 0.1748 
i4.o 49893 0.8385 0.1615 

























Time (rain. ) 
2TT 
Figure 22. Graph of Data from Runs M 25 and M 26 for 
Diffusion of HQ0 in MeOH at 293° K. 
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Table 25. Computed Slopes for Runs M 25 and M 2.6 
Run M 25 




1 - c,0/c ) 
t2" 00' 
- Slope X 102 
3.25 6.00 -.43454 5.76 
7.00 -J+77O7 5.36 
].0.00 -.59284 4.69 
11,00 -.70298 5.51 
14.00 -.83938 5.24 
15.00 -.81686 4.60 
17.00 -.90571 4.58 
4.00 -.32563 7.00 -.47707 5.05 
10.00 -.59284 4.45 
11.00 -.70298 5.39 
14.00 -.83938 5»l4 
15.00 -.81686 4.47 
17.00 -.90571 4.46 
6.00 -.43454 10.00 -.59284 3-96 
11.00 -.70298 5-37 
1.4.00 -.83938 5.06 
15.00 -.81686 4.25 
1.7.00 -.90571 4.28 
7.00 -.47707 11.00 -.70298 5.65 
1.4.00 -.83938 5.18 
15.00 -.81686 4.25 
17.00 -90571 4.29 
10.00 -.59284 1.4.00 -.83938 6.16 
1S4 
Table 25. Computed Slopes for Rums M 2;5 and. M 26 
(Concluded) 
Run M 26 
t 1 (min) Log(l - Ctl /c 
' 00 
t?(min) Log(l - Ct2/Cj _ Slope X 10
2 
4.00 -.29734 7.00 -.48443 6.24 
10.00 -.65706 6.00 
11.00 -.65916 5.68 
13.00 -.75732 5.11 
14.00 -.79168 4.94 
16.00 -.90852 5.09 
17.00 -I.OI619 5.52 
5.00 -.39054 10.00 -.65706 5.33 
11.00 -.69516 5.08 
13.00 -.75732 4.58 
Ik. 00 -.79168 4.45 
16.00 -.90852 4.71 
17.00 -1.01619 5.21 
7.00 -.48443 11.00 -.69516 5.27 
13.00 -.75732 4.55 
14.00 -.79168 ^.39 
16.00 -.90852 4.71 
17.00 -I.OI619 5.32 
10.00 -.65706 13.00 -.75732 3.34 
1.4.00 -.79168 3.36 
16.00 -.90852 4.19 
17.00 -I.OI619 5.13 
11.00 -.69516 1.4.00 -.79168 3.21 
Run # Slope X 102 Sum of Squares X 103 Population Variance X 105 
M 25 4.92 .754 3.42 
4.96 •759 
4.86 .760 





COMPARISON OF VALUES FOR — ^ CALCULATED 
FROM EQUATION 6.8 WITH EXPERIMENTAL VALUES 
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Table 26. Comparison of Values for -~ Calculated 
from Equation 6.8 with Experimental Values 
Solute Solvent 
Dn/T X 10 10 
Calc 
DLI/T X 1010 
Exp. 
A 1c Ref, 
Carbon Dioxide Water 5.76 6.21 + 4 (43) 
Methanol »i 5.12 4.58 + 12 (43) 
Acetamide IT 3.99 3.40 + 17 (43) 
Glycerol ii 3.25 2.40 + 35 (43) 
Sucrose ti 1.70 1.48 + 15 (43) 
Sucrose ti 1.70 1.57 + 8 (42) 
Raffinose ti 1.27 1.24 + 2 ( 1) 
Acetonitrite Methanol 5.88 4.43 - 24 ( 1) 
Chloroacetic Acid n 3.54 3.39 + 5 ( 1) 
Urethane it 3.23 2.87 + 12 ( 1) 
Carbon Tetrachloride n 3.20 3.78 - 15 ( 1) 
Iodoform ft 2.80 2.96 - 5 ( 1) 
2,4 , 6 -Tr ichloro-
phenol n 2.45 2.69 - 9 ( 1) 
Dibenzyl Amine n I.98 1.92 + 3 ( 1) 
Formic Acid Benzene 4.6.1 5.60 - 17 (40) 
Acetic Acid ?f 3 • 64 4.42 - 17 (40) 
Benzoic Acid II 2.63 2.79 - 5 (4o) 
Cinnamic Acid II 2.14 2.25 - 4 (40) 
Water Acetone 6.90 4.40 + 56 
Formic Acid it 4.35 3-95 + 10 (4o) 
Methanol II 4.33 4.00 + 8 
Acetic Acid II 3.44 3.43 0 (4o) 
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Table 26. Comparison of Values for —~~ Calculated 
from Equation 6.8 with Experimental Values 
(Concluded) 
Solute Solvent 
Dp./T X 1010 
Calc. 
D|J./T X 1010 
Exp. 
A 1o ] Ref. 
Bromoform Acetone 2.70 3-00 - 10 : 1) 
Benzoic Acid it 2.48 2.76 - 9 ;4o) 
Formic Acid Carbon te 
trachloride 5-91 6.10 - 3 I4o) 
Acetic Acid tt 4.68 4.55 + 2 ;4o) 
Iodine tf 4.40 4.57 - 2 ;4o) 
Benzene ii 3.74 4.27 - 12 : 2) 
Benzoic Acid ii 3-40 2.78 + 22 ;4o) 
Cinnamic Acid n 2.75 2.30 + 17 ;4o) 
Bromoform Ethanol 3.85 4.80 - 19 ( :i6) 
Iodine II 4.62 4.80 - 4 ( : 1) 
i-Amyl Alcohol II 3-39 3-19 + 6 ( :i6) 
Phenol ti 3-77 3.28 + 15 ( : 1) 
Formic Acid Toluene 5.4l 5.40 0 ( 4o) 
Acetic Acid II 4.28 4.13 + 4 ( 4o) 
Benzoic Acid II 3.09 2.77 + 11 ( 4o) 
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